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I. introduction 



A. EACKGFCUKE 

As cf 1S74, the United States contained only 6* cf the 
world population bet was using 33% of the energy consumed 
each year according to Ref. 1. Approximately one third of 
the oil used in the U.S. is imported. This heavy dependence 
cn foreign sources fer energy coupled with the exhaustion of 
domestic fessile fuels, particularly oil, in the foreseeable 
future is causing the U.S. military and civilian sectors of 
the economy tc search for energy sources that would be 
inexhaustible and independent of foreign control. 
Increasing fuel costs and environmental problems are other 
forces pushing the search for alternatives. Nuclear power, 
once considered the cure-all, is facing severe problems. 
Costs cf construction, operation, and fuel have risen 
dramatically. Questions concerning the safety of operation 
of the nuclear plants and of the storage cf nuclear wastes 
have beccne pclitical issues that have slowed the 

exploitation cf nuclear power. The present nuclear reactors 
use a fuel that, like petroleum, has a limited availability 
and whose price is increasing rapidly. The breeder reactor, 
which would create more fuel than it burns, and the fusion 
reactor, which would use the hydrogen found in water, are 
still a leng way from producing power for a world whose 
demands fer energy increase each year. 

Many people advocate the exploitation cf the sc-called 
"free” energy sources. These sources are: (1) the kinetic 
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energy of moving fluids, such as winds and ccean currents; 
(2) the potential energy of tides and rivers; (3) the heat 
generated inside the earth; (4) the direct conversion of 
sclar energy into electricity and heat; and (5) the use of 
sun warmed water in conjunction with a source of cclder 
water tc provide the temperature differential to run a vapor 
power cycle. None of these sources are truly "free". what 
is happening is the trading off of the transportation, 
processing, and environmental costs of a concentrated energy 
source fcr the capital, operating, and social costs of 
converting a very diffuse source into a mere concentrated 
fcim such as electricity. 

Ihe earth can he thought of as a giant heat engine, 
abserhing energy frem the sun and reflecting energy as 
thermal radiation lack to space as pictured in Eef. 2. 
Since the pcles receive less energy than the equator, the 
atmosphere and ocean attempt tc distribute the energy more 
evenly ever the earth. The air is heated ty absorption of 
sunlight and ty contact with the surface of the earth. The 
heated air rises thus setting up surface wind currents as 
cccler air tries tc replace the rising air. The shear 
stress created by the relative motion between the air and 
the surface water causes the water to move thus creating the 
surface water currents. Many currents in the oceans, 
regardless cf depth, originate with the wind shear stress at 
the air-surface interface. The circulation patterns cf the 
oceans become extremely complex due to the influence cf the 
rotation cf the earth and the shapes of the ccean basins. 

In general the surface waters near the equator are 
warned ty -the sun and flew towards the poles giving up 
energy by evaporation, and by convection tc the air ard by 
radiation lack to space. As these currents cool, seme of 
the water becomes dense enough tc sink and then flows back 
tc the eguatcr alcng the bottom. 
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The relationship between salinity and temperature and 
the density cf seawater is such as tc create a stable 
stratif icaticn of the ocean in many areas. A salinity 
decrease cr a temperature increase reduces the density. The 
total effect is to create a warm surface current overlaying 
the cold water returning from the poles. In the trcpical 
waters the surface temperature may exceed 80°F (2€.7°C) 
while 3,00C to 6,000 ft. (914 to 1828 m) dcwr the 
temperature nay be about 40°F <4.4°C). This temperature 
difference can te used to rur a man-made heat engine, like 
the Ocean Thermal Energy Converion (OTEC) power plant 
ccrcept . 

i 

The proper choice of a site is critical to the cost of 
such a heat engine. Since the temperature difference is low 
compared to conventional thermal power generating methods 
which typically use temperature differentials exceeding 
50C °F (26C°C) , the effect of a 1°F (0.56°C) loss in the AT 
is much more costly at the low thermal differentials, which 
are usually less than 50°F (27.8°C) in the ccean. 
Therefore, the vertical temperature profile of the cceans 
will ccntrcl the location of an OTEC power plant. The 
surface temperatures vary with location and with time. At 
mcst places in the ocean there is a seasonal change of the 
surface water temperature of 5 to 8°F (2.8 to 4.4°C) except 
in the trcpical areas that remain relatively constant 
according to Bef. 3. However, all regions of the oceans are 
affected ty wind-generated mixing of the surface water that 
changes the surface temperature by a degree or so and a 
daily cycle cf a few tenths cf a degree. Some cf the 
possible U.£. near-shore sites being considered are the 
waters arcund the Eawaian Islands and the Gulf Stream off 
the southeastern U.S. 

In the past, the engineering analysis and the cost 
estimation have teen conducted as if they were separate 



14 



fur 


ction 


s . 


dif f eren 


t ial 


€CC 


ncmic 


ana 


pro 


cedure b 


OC6 


an th 


er ma 


egu 


aticn 


(C 


hea 


t exc 


hang 


tut 


es . 


Eeca 


ver 


y lar 


c e t 


all 


link 


ed t 


tha 


t th 


€ £ 


egu 


ipment r 


COD 


sider 


s a 


the 


rmal 


pet 


opt 


imiza 


ticn 


inf 


cr ma t 


icn 


f r c 


m sue 


ban 


exp 


ended 


tc 


dee 


s not 


a tt 


Wak 


e spe 


cifi 



In a system with a soall tempe 

/ such as this one, the engineering desi 
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ecause of the capital intensive nature 
1 power plant. For example, the heat tr 
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c diagram of the system is shewn in figure 1. 
face water, the Gulf Stream for example, is 
a heat exchanger. There seme energy is 
y boiling the working fluid such as ammonia, 
uid is piped to a turbine where some of the 
yerted to mechanical energy then to electrical 
enerator. The unavailable portion of the 
gy is rejected to the environment in the 
the working fluid is returned to the liquid 
temperature in the condenser is maintained by 
cean water up from the depths. Finally the 
is pumped back to the boiler. 

Thermal Energy Conversion program has received 
cn in the last several years from many 
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FIGURE 1. SYSTEM SCHEMATIC DIAGRAM 
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researchers funded at first primarily fcy the National 
Science Foundation (NSF) . Since the estatlishment cf the 
Energy Eesearch and Development Administi 
research contracts are funded mainly t 
l.S. Navy is alsc funding some research j 
Ref. 4, 5 and 6 give a geed summary c 
been done. iihile much of the work has c< 
heat exchangers, the other components 
whcle are receiving attention. Some 
concentrating on the environmental anc 
such systems. Ctber teams are considering hew to use the 
energy supplied from an OTEC power plant. 
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In ary design, trade-offs must be made. Capital cost 
can be traded for operational costs. Pumping power can be 
traded fer heat exchanger size. Trade-cffs can involve 
items that have a common measure such as dollars; seme ether 
trade-offs are very hard to measure in commco terms such as 
sccial and environmental costs. The trade-cffs may involve 
crly one component such as a pump or a turbine, but most 
often the trade-cffs affect more than cne component or 
possibly the entire system. 
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parameters fer a piece of eguipment may have no direct 
effect cn the optimum design of another portion cf the 
system, tut seme parameters will have significant effects. 
For example, a heat exchanger is made up cf a large number 
cf tubes cf a given diameter and length and is designed to 
have a certain heat transfer rate for a given flow rate of 
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water punted through the tubes. The diameters, length and 
the number cf tubes may be optimized for lowest cost cf the 
heat exchanger. This approach leaves out the effect that 
the tube diameter and the tube length have cn the pressure 
drop across the heat exchanger. Minimizing the cost cf the 
heat exchanger involves minimizing the surface area. This 
may lead tc increasing the pressure drop across the 
exchanger. The higher the pressure drop the more powerful 
and the mere expensive the pump must be to maintain the flow 
velocity. This is just one example cf the hundreds of 
trade-offs possible. 

Unfortunately, what happens in many cases is that each 
greup cf experts working on a particular component optimize 
that item arcund some given conditions that may have been 
set ty teams working cn some other section cf the system. 
Little analysis is made of how the entire system responds to 
the coupling constraints. All that the pump manufacturer 
wants is that the buyer tell him what the flow rate, head 
and service conditions are and he will guote a price. 
Eefcre the buyer can decide on the flow rate and head he 
should first know how the ccst cf the pump varies as flow 
rate and head vary so that those two parameters can be 
optimized in the context of the system. 

The prctlem then becomes one of acquiring sufficient 
information cn hew costs vary as certain parameters change. 
Each manufactures is able to make estimates cf costs fer his 
product but he is reluctant to devulge his information to 
buyers cr competitors. This makes constructing cost cui/es 
a hazardous process at best , since the data must be gathered 
by ether methods that may cause large unexplained variances. 

Sometimes the optimization analysis is made with 
assumptions that make the answers cf questionable value. 
Fcr example, sometimes the heat transfer coefficient, 1), is 



18 



assumed fixed in the equation g = UA AT. Eut, as shewn in 
Ref. 8, for toiling the heat transfer coefficient is very 
sensitive tc the temperature difference with the result that 
q = UA'AT 3 * 33 . lhe The accuracy of the engineering equations 
should te kept in mind. Most of the equations are 
correlations tc fit experimantal data. The correlation was 
developed for seme particular set of data and may disagree 
significantly when compared to data taken by ether 
experimenters. The limitations of the various relations 
must be kept in mind when reviewing the results. for a 
system the size of the OTEC plant, a pilot plant should be 
constructed in order to prove out the answers given by the 
calculations before expensive mistakes are made. 

As a design progresses, the analysis begins with a 
general picture containing many simplifying assumptions and 
proceeds foreward with more details added at each stage. 
This report is the second one written at the Naval 
Pcstraduate Echccl on the subject of OTEC. Commander Eurman 
Sheppard, li£N, in his analysis. Ref. 9, attempted tc show 
what kinds cf information could te gained from a combined 
thermal ecoccaic model. He advocated the use cf zone 
analysis, as developed by Wismer in Ref. 10, for large 
complex systems. In Wismer's approach to zene analysis, the 
system is breken down into zones containing one cr more 
components. The zenes are connected by linking variables. 
Twc methods cf optimization are possible. For the first 
method, in each zone, the zone parameters are optimized 
while the linking variables are held fixed. Then, the zone 
parameters are held fixed while the linking variables are 
optimized. The process iterates between optimizing the zone 
parameters and the linking variables until convergence 
criteria are satisfied. In the second method the zenes are 
cut off iron each other and each linking variable is 
separated intc two variables, one on each side cf the 
cutting plane. The optimization proceeds until the linking 



19 



variables cn each side of the cats are equal. 



Sheppard's system did not produce vapor in a boiler tut, 
instead, maintained the working fluid in the liguid state in 
tte wain seawater heat exchanger and vaporized the working 
fluid, ammonia in his model, by expanding it through a 
"black box" called a vaporizer. His optimization analysis 
was confined to the zone containing the warm seawater 
exchanger, the feed pump, and the warm water circulating 
E ump. 



E. CEJECllVES 



The present analysis improves the previous model 
analysis ty replacing the liguid-to-liguid heat exchanger 
anc the vaporizer with a boiler. The boiler model is tc be 
cf sufficient detail so that a realistic design is 
represented. The ether major components of the system, such 
as the turbine, the condenser, and the condenser circulating 
pumps, are included. A nonlinear programming technique is 
nsec tc perform the thermal-economic optimization of the 
completed system. The research reported here is intended to 
show the usefulness of optimization analysis in the design 
of a lew thermal difference system and tc demonstrate some 
cf the problems that must be considered in this type of 
analysis . 
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FIGURE 2. SYSTEM ARRANGEMENT 



The analytical model consists of the equations 
describing tie system and a set cf parameters to be 
optimized sc as tc minimize the capital cost of the plant 
subject tc certain ccnstraints. The objective function, the 
function tc be minimized, is the sum of the capital costs of 
the pumps, the boiler and the condenser. Although the 
turbine is a significant capital cost and wculd affect the 
design cf the system, it. is not included in this model. 
There are twc classes cf constraints. The first class is the 
explicit ccnstraints that specify the upper and lower hounds 
on the parameters. The other class of constraints is the 
implicit ccnstraints. These are the engineering eguations 
that describe the operation of the power plant. For 
example, a constraint might say that the temperature inside 
the boiler must be less than the temperature of the warm 
seawater because the eguations fail if the requirement is 
net satisfied. Another example would be a power balance 
that reguires that the sum of the energy flews into and out 
of the system be zero. Additionally, they proscribe the 
region that the optimization routine may search within for 
the minimum cf the problem. The implicit ccnstraints are of 
twc types, equality and inequality constraints. Inequality 
ccnstraints set one-sided bounds on the feasible region. 
Seme of the inequality constraints are restrictions placed 
on the maximum ct minimum values of the parameters due to 
judgements made cn the basis of practical engineering 
consider atic rs . The equality ccnstraints are relationships 
that must be strictly satisfied at the optimimum. The system 
of eguations describing the model fit into the f cl lowing 
fcim: 
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nirimi 2 e f (X) 

subject to: g (X) > 0, i= 1 ,2 , . . . . ,m 

i 

h (X) = 0, i = m+ 1 ,...., m+n 
i 

where X is the vector of the parameters tc be optimized, 
f (X) is the capital cost function, g^ (X) are the inequality 
constraints and hj (X) are the eguality constraints. The 
parameters are the dimensions of the boilers and the 
condensers, the boiling and condensing pressures, the sea 
water velocities, and the mass flew rate of the working 
fluid through the system. 

The basis for the economic framework must be set cut at 
the start. Ill measurable costs are relevant to the final 
design of the power plant, but, for some types of analysis 
and design, many costs can be ignored. The life cycle cost 
of the CTTC must be considered before the decision is made 
tc commit the B.S. and the rest of the world tc the 
ccrseguences cf chcosing this energy generation scheme as 
even a partial solution to the energy problem. The life 

cycle cost consists of the capital costs, the financing 
costs, and the operating costs. The trade-eff of operating 
cost and capital cost is not considered in this research, 
because the operating cost is, for the most part, 
independent cf the overalL dimensional characteristics of 
the components. Operating costs are dominated by the 
structure, site location, and maintenance requirements. 
Such things as the kind of instrumentation, controls, 
bearings, and structural materials have mere effect cn the 
operational costs than the length of the bciler or the 
diameter cf the boiler shell. Therefore, cnly the capital 
costs of the majer components, except the 'turbine, are 
considered . 
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Tc fc € useful for model analysis cost data must be 
transformed into a cost estimating relationship (CER) that 
shews hew cost varies with some variable or some combication 
of variables. The costs must be demonstrated to be highly 
correlated with the variable chosen. Since the cost 
relation is only a correlation, the bounds on tne accuracy 
of the eguaticr. should be specified by those who develop it. 
Since the relation is arrived at from a finite body cf data, 
the CER is directly applicable only in the range of the data 
collected. Extrapolation cf the CEE outside the range is 
dangerous because there is no data in that region tc support 
the assumed curve. However, the value of CEE's is the use 
of them tc enable the estimator to make a tetter analysis of 
a new design than he could if the information is not 
available. The relevant range of the CER must be kept in 
mind wher. analyzing the solutions from the standpoint cf the 
reliability cf the answers. Another factor tc consider when 
using cost estimating relationships is whether the equipment 
the data was taken from is comparable to the system the 
analyst is considering. If the design, the technology, or 
the application cf the proposed equipment is significantly 
different ficm that from which the data is taken, the CER 
may give unreliable answers. 

This aralysis begins with the development of the 
engineering equations that constrain the system. This is 
followed by the development of a cost framework based on 
capital costs as the function to be minimized. The 
engineering and economic relations are linked together in 
the objective function and the constraints. A description 
of the algorithm that performs the optimization is included. 



B. CYCLE AtiilYSIS 
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The tuilcing of the model begins with the analysis of 
the thermodynamic cycle. Figure 3 is a temperature-entropy 
diagram cf the working fluid on which the cycle is shown. 
These numbered nodes represent the thermodynamic state 
pcints at that location in the system and correspond tc the 
numbers ir Fig. 2. The boiling and condensing processes are 
assumed tc be reversible processes. In the pump arc the 
turbine the reversible process is indicated by the subscript 
••s 11 on the state pcint number. In the actual system there 
are irreversible losses inside each component that are left 
out of the analytical model or lumped in with ether losses. 
The pressure drops due to frictional losses in the boiler 
and the condenser are neglected. 

State pcint 1 assumes that the liguid leaving the toiler 
is saturated. State points 2s and 2 represent the 
conditions leaving the feed pump. If there were no losses in 
the pump, the fluid would be at 2s. The fluid enters the 
boiler tc he heated, first, to saturation conditions at 
state point 3 then boiled at essentially constant pressure. 
State pcint 4 shows the vapor leaving the boiler as a 
saturated vapor. The lines from point 4 to 5s and 5 
represent the expansion through the turbine. The path tc 
state pcint 5 accounts for the losses due tc friction and 
ether irreversible processes in the turbine. The remaining 
heat is then rejected from pcint 5 to point 1, again assumed 
to be a constant pressure process. 

The theoretical heat transfer rate in the boiler and the 
condenser is found by subtracting the enthalpy at state 
pcints 2 and 1 from the enthalpy of state pcints 4 and 5, 
respectively, and multiplying by the total mass flow rate of 
the working fluid. 



Q a b = - H 2 ) 



( 1 ) 
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CRITICAL POINT 




1 



ENTROPY 



FIGURE 3. THERMODYNAMIC CYCLE 
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Qrcj = “ivl < H 5 - H 1 > 



( 2 ) 



lh€ enthalpy at state point 5 is determined by first finding 
the moisture content of the fluid exiting the turbine. 




The enthalpy at point 5s is determined from 



< 3 ) 



H s$ = H, * i H 4g 
This allows to te found from 



?tur = 



H 1 - »Ss 

- h 5 



(4) 



<5) 



where the efficiency of the turbine is assumed known. The 
power out of the turbine is now known. 



P t ur = *W<H h - H s ) (6) 

for the feed pump the change in enthalpy is accounted for by 
the change it pressure assuming negligible rise it the 
temperature. The enthalpy of point 2 is determined from 









V 1 (P2S ~ Pi > 
h 2 - Hl 



(7) 



where the efficiency is assumed known. The power required to 
drive the pump is determined from 
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*ip = M wf< H 2 ' H 1> 



(3) 



Tc gain a better feeling fcr the low thermal potential 
systems end tc make comparisons with other systems several 
efficiencies are worthwhile calculating. The first is the 
Carnot efficiency which defines the maximum efficiency 
possible for a system operating between two temperature 
limits ir decrees absolute/ °H (°K). 



r car 



= 1 - 



^cold 

T hot 



(9) 



The next efficiency calculation takes into account the 
theoretical tnermcdynamic cycle and is the ratiO'Of the net 
power cut cf the cycle to the heat taken up by the cycle 




^tu r 



( 10 ) 



This accounts for the thermodynamic inefficiencies inherent 
in the cycle. Finally, the system efficiency takes into 
account the ether internal consumers cf power: the 
circulation pumps, the pips losses, and any other losses, 
such as the antifouling eguipment. This calculation 
accounts fcr all of the mechanical and electrical 
ine f f icierci es of the system. 




NET POWEE AT THE EUS EAB 



( 11 ) 



For example, if the hot water is at 75°f (23.9°C) and 
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the ccld water is assumed at 40°F (4.4°C) the Carnot 
efficiency is 6 . 5 %. Per one typical set of assumptions, as 
shewn in Tafcle 5, where the turbine and the pumps are 
assumed tc be £5% efficient, the cycle efficiency is 2.6?? 
and the system efficiency is 2.455 for one feasible design. 



C. ENGINEERING FRAMEWORK 
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turbine is included only as an energy 



in heating the working fluid to the 
small portion of the tctal energy taken 
therefore, the sensible heating cf the 



insists cf a number cf tube-in-shell 
anected in parallel as shewn in Fic. 2. 
Figure 4 shows the internal arrangement of cne shell. The 
tube bundle is horizontal and boiling occurs on the outside 
surface cf the tubes. The tube bundle is submerged in the 
working fluic. The working fluid is maintained at a level to 
just cover the top rew of tubes. The warm seawater is pumped 
through the inside of the tubes. 
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FIGURE 4. BOILER CROSS SECTION 



31 



The clearance between the tubes is fixed at 0.5 
inches (1.27 cm) to allow for flaring of the tube ends or 
ether space and strength requirements. Similarly, the tube 
thickness is fixed at 0.028 inches (0.071 cm), since no 
strength requirements due to differences between internal 
and external pressures on the tubes or material loss cue to 
corrosion cf the tube surfaces are accounted for. 

A t the tep of the tube bank the leaving vapor 
certains a large amount of liquid droplets which must be 
eliminated either in the boiler or by an external separator. 
In the mcael the separation takes place in the beiler by 
allowing sufficient space above the tube bank. Ealen and 
Small, Ref. 11, presented a method for finding the necessary 
separation volume that considers the effects of surface 
tension, density of the vapor and the liquid, and the mass 
flew cf the working fluid. First the allowable vapor lead is 
found free 



VL 



2290 




o~ 

86x1 0-s ( pj 




( 12 ) 



Vapcr load is an expression for the mass flow rate cf vapor 
through a unit volume. The expression for the maximum vapor 
lead limits the flew rate so that the moisture droplets are 
able to settle out of the vapor before it leaves the bciler. 
Then the required segmental area is found from 



SA 



«W 

VL I S 



(13) 



The segmental area is the cross sectional area from the top 
of the tube bank to the top of the shell. Knowing the 
segmental ar«a the height of the tube bank above the main 
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diameter is found from 



2 (2 hs\ 2 2 0.5 

SA = C . 2 5 Es A RCOS ( — j- hs(0.25 Es - hs ) (14) 



Falen and Snail also present a much simpler method of 
determining the total height of the tube bank. The height 
of the separation volume is set at 40% cf shell diameter 
which results in "hs" being egual to 0.1 Ds. Either method 
can be used alone or the first method can be usee as a 
constraint on the second. For this problem the segmental 
area is found by both methods with the first used as a check 
on the values given by the second. 



Since the heat flux calculation is based on a single 
tube, the number of tubes per shell must be determined in 
order to find the total energy absorbed by the heat 
exchanger. The tubes are assumed to be laid out in a 60 
degree triangular pattern for maximum compactness. The 
tubes are located at the vertices of an equilateral 
triangle. Two cross sectional areas are calculated. The 
area of a bexagon whose minor radius is egual to one half 
the pitch is determined from 



/P\2 

A = 6(-J TAN 30° 



(15) 



Then the effective cross sectional area of the tube bank is 
found by subtracting the clearance area, SA, from the cross 
sectional area of the shell after correcting the shell 
diameter for a clearance space to allow for free flow 
channels both within the tube bundle and around the outside 
of the tube bundle. The effective cross sectional area of 
the tube bark is divided by the area of the hexagon, found 
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above, tc determine the number of tubes in a shell. 

The flew of the liquid and vapor through the tube 
tank is assumed to be turbulent. The incoming sutcccled 
working fluid from the feed pump mixes with the 
recirculating fluid returning from higher up in the tube 
bank. The circulation of the fluid is induced by the 
boiling process. This mixture enters the tube bank and 
begins the toiling process. Near the bottom of the tube 
bark the heat transfer goes mostly to bring the fluid up to 
the boiling temperature. After the fluid reaches saturated 
liguid conditions, stable boiling begins. The vapor bubbles 
rising through the surrounding liguid increase the 
turbulence around the tubes. As the liquid continues up 
through the tube bank, the local boiling temperature is 
decreasing due to the decreasing hydrostatic head. This 
decrease in the boiling temperature increases the 
temperature difference and increases the heat flew and 
increases the bubble generation rate. The vapor generation 
may become sc rapid that a condition called vapor blanketing 
may occur in the interior of the tube bank where the liquid 
cannot flow inward fast enough to displace the vapor flowing 
through the region. This is similar to burnout in 
convective heiling in that the tubes dry out and the heat 
transfer rate decreases. This effect becomes pronounced 
cnly near the critical heat flux according to Starczewski, 
in Ref. 6. 



All cf the heat and mass flow variations in the tube 
bundle are averaged by performing the calculations for a 
sir. gle tube located at the mid height of the tube bank. 
This tube is assumed to represent the average of all the 
tubes in the tube bank. The boiling situation is assumed to 
be saturated pool boiling. Quoting frem Collier, Ref 12, 
"pcol boiling is defined as boiling from a heated surface 
submerged in a large volume of stagnant liguid 1 '. Since the 
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fluid volume seen by the tube is neither large nor stagnant, 
a correction is reeded for the effect cf being in a tube 
bundle. Saturated boiling is defined as boiling at a 
constant temperature and pressure as the liguid changes to a 
vapor. 1 hi s is probably not strictly true because the 
boiling temperature is controlled by the lccal pressure at 
each tube, and the fluid is not reaching a stable 
temperature as it rises in the bundle. The situation is 
prcbably closer to convective boiling since the fluid is 
boiling in a confined channel between the tubes. An 
additional effect in the boiler is the fact that the 
hydrostatic head at the bottom of the tube bundle causes the 
boiling tc take place at a higher pressure at the bottom 
than the tciling at the top of the bun die where the pressure 
is egual tc the boiler exit pressure. This effect is 
accounted fcr by using the average head of the bundle in the 
heat transfer eguaticns. 

The heat transfer analysis of the boiler begins with 
tie basic ear a t.ion 



Q = UA AT^y, (16) 

where U is the overall heat transfer coefficient, A is the 
area through which the heat is transferred and AT,^ is a 
prcperly defined mean temperature difference. In this 
paper, the product UA is treated as a single quantity called 
the thermal conductance. One may look at the equation as an 
analogue cf the basis electrical equation I = E/S where I is 
equivalent tc Q, E is the same as AT^, and UA is 1/B. This 
analogy is used when developing the expression for UA. 

In crder to account for the effects of the tube 
seeing many nearby neighbors, the equation is modified by 
the inclusion of a factor, F, to account fcr the effects of 
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the surrounding tubes. Equation 16 is changed to 



Q = UA F AT m (17) 

where F is defined as the ratio of the heat flux of the tube 
fcurdle tc the heat flux for a single tube in a stagnant pool 
boiling situation. According to Ref. 13, a report published 
by workers at Heat Transfer Research, Inc. (HTRI) of 
Alhambra, California, F is greater than one. In Figure 5, 
which is sketched from a figure in their report, F ranges 
from 4.73 at AT*, = 8°F to 2.63 at AT*, = 40°F. Since nc data 
is given cn the conditions of the test, F is assumed to be 
fixed at three. 

Ir order to find AT*,, the heat exchanger 
ef f ecti ve r es s , £ , is determined. The effectiveness is 
defined as the ratio of the actual heat transfer rate to the 
maximum fcssible neat transfer rate as shown by 



_ C h ( T H,ih ~ T h,out ) 
c *-nih ( T Kin ~ ^c,in ) 



where 



c = <“ C P (fluid ' 19 > 

C*, |h = minimum of or C c (20) 

In the boiler, T h is the temperature of the entering 
seawater, and T Cj in is the saturation temperature of the 
working fluid at the pressure at the mid height of the 
boiler. Reference 14, by Kays and London, contains 
equations for finding the effectiveness for various flow 
configurations. In addition to finding , C max must be 
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LOG q (BTU/hr- ft 




FIGURE 5. COMPARISON OF A SINGLE TUBE 
VERSUS A TUBE IN A BUNDLE 
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known in order to decide which equation applies. For the 
case of toiling, C (r)(JX is infinite; therefore, regardless of 
the flew pattern 



£ = 1 - EXP(-NIU) (21) 

where Nit, the number of heat transfer units cf a heat 
exchanger, is defined as 

NT 0 = UA/C^jn (22) 



and 



C m ln ~ c P,&vv 



(23) 



AT„,is found frem 



UA AT W 

Crviin 



(24) 



and the temperature of the sea water at the outlet cf the 
tute is determined from 



£ 






(25) 



where 



AT o T c,in 



(26) 



Ihe quantity UA is determined next. Figure 6 
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FIGURE 6. THERMAL NETWORK FOR A 
SINGLE TUBE 
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illustrates the method used. If UA is pictured as the 
reciprocal cl resistance then the flow cf energy frcm one 
fluid tc the ether can be pictured as a series electrical 
circuit and UA is determined from 

UA = 1/ (R 1 + R2 + R3 * R4) (27) 

Reference 15, by Holman, shows how each resistance can be 
feund. FI is the thermal resistance due tc convecticn on 
the inside cf the tubes, the sea water side. 



SI 
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B2 is the thermal resistance of the tube wall. 



(28) 



In (d 0 /dj ) 

2 7T k w L 



(29) 



R3 is the thermal resistance attributed tc boiling cn the 
outside cf the tubes. 



1 

R3 = (30) 

”K< d o L 

R4 is the thermal resistance due to any ether resistances, 
such as feuling and corrosion deposits. 

He heat transfer coefficient on the seawater side, 
h &w , is determined from the dimensionless group called the 
Nusselt number defined as follows for flow inside of tubes. 
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Nu 



h &w d/ 



(31) 



In order tc iind the Nusselt number, three distinct reqions 
c£ flow are allowed for in the problem: laminar, 

transiticr., and turbulent flow. The division points are in 
terms of values of the Reynolds number. Re = ud p/p , 

laminar: 0 < Re < 2,GC0 

transition: 2,000 < Re < 10,000 

turbulent: 10,000 < Re < infinity 

In the laainar region the Sieder-Tate correlation is used. 

1/3 

Nu L = 1.86 (Re Pr dj /L ) (32) 

In the turbulent region the Littus-Boelter correlation is 
used. 



0.8 0.3 

tiu Tu = 0.023 Re Pr (33) 

In the transition region the flew is unstable, but from data 
in Ref. 14 it appears that a fairly smooth curve drawn from 
the lamirar curve to the turbulent curve adaquately 
represents the value cf the Nusselt number in the transition 
region. Ibis is done by assuming the form 



Ku Tr = Y Nu l + (1 - y) nu Tu 



(34) 



where 



2 2 

y=afie+bRe+cRe+d 



(3 5) 
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The coefficients in the polynomial are found ty requiring 

NUy^ = Nu l at Re = 2,000 
Nu-p^ = Nu Tu at Re = 10,000 

and that the first derivatives with respect to the Reynolds 
nuirter match at Re equal to 2,000 and 10,000. 

lhe I. I. Mostinski correlation, from Ref. 16, for 
single horizontal tube pool boiling is used to find the heat 
transfer coefficient on the outside of the tube. HTBI's 
extensive experimentation led Palen, Yarden, and Takcrek, in 
Ref. 13, tc conclude that Mostinski’s equation produced the 
"most consistent results". His correlation is 



C . 6 9 0.7 0.17 1.2 1C 

h w | = C.CC658 p c q (1.8 r + 4 r + 10 r ) (36) 

where 

r = E/P c 

p c = critical pressure of the working fluid (psia) 
g = heat flux (BTU/hr-f t 2 ) 

A final heat flux relation needed is the relation for the 
maximum heat flux allowed. Mostinski,s correlation fcr a 
single tube is used. 

0.35 0.9 

= 803 P c r (1 - r) (37) 

where the units are the same as in equation (36) . From 
HIEI's data, under unknown conditions, g^, ax for the bundle 
appears tc he one third of the q max for a single tube. 
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Its power required tc pump the salt water through 
the tubes depends cn the pressure drop across the tube bank. 
There are three causes of the pressure drop. The flow 
experiences a loss as the water enters into and exits from 
the tubes in addition to the frictional loss along the tube. 
Frcm Ref. 14, the pressure drcp for a liquid is determined 
frc m 



2 

A E = 0.5 /3 SW u svv 



4 f I 

+ Kc - Ke) 



(38) 



In order tc determine f , Ke and Kc, the flew regime must be 
specified, lbe regimes are a little different than those for 
the Nusselt lumber. 



laminar: 0 < Re < 2,0CQ 

transition: 2,000 < fie < 5,000 

turbulent: 5,000 < Re < infinity 

The Fanning friction factor, f, in the laminar regime is 



f = 16/Re 



(39) 



In the turbulent regime, the Fanning friction factcr is 
found frcm the Elasius eguation in the range 5,00C < Be < 
ICC, 000 



0.25 

f = 0.079/Re 



(40) 



which is a close approximation to the Karman - Nikcradse 
equation , 



^3 



-0.5 0.5 

<4 £ ) = -0.6 + 0.87 In (Re (4 f) ) 



<41) 

which is valid throughout the turbulent region (Re > 5,000), 
assuming smooth walled tubes. Either eguaticn (40) cr (41) 
may be used with similar results but the Elasius is tetter 
suited tc this analysis because the Karman-Nik uradse 
eguation must be solved by iteration. Eguaticn (41) 
consumes more computer time to solve and can cause accuracy 
problems if not enough significant digits are evaluated. 
The fricticr. factor in the transition region is determined 
by fitting c least sguares curve through a hand drawn curve 
frcm the end of the laminar curve to the beginning of the 
turbulent curve. 

The entrance effect, Kc, and the exit effect, Ke, 
depend on the Reynolds number, the free flow to frontal area 
ratio, 4> , and, in the laminar region, on the tube length. 
For the tciler, <f> is determined by 



<t> 
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d; N 
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Ds - 4 SA 



(42) 



Figure S, page 7-13, in Ref. 17 is used tc find Ke and Kc. 
The effect cf Reynolds number and L/d ratio was eliminated 
frcm the relationships in the laminar and the turbulent 
regimes cf the flow, tut the Reynolds number was included in 
the trarsiticn region because of the large variation of Kc 
with Reynolds number. The following eguaticns are used to 
find the entrance effect in the various flow regimes. 



laminar: (using the curve for 4 (L/d) Re = 0.1) 



Kc l = 1. - 0.4 <t> 



(43) 






Turbulent: (using the curve for Re = 5,0GC) 



Kc Tu = 0.52 - 0.4 <J> (44) 

Transitic r : 

Kc Tr = A Kc l + (1 - A ) Kc Tu (45) 

where 

A = e Re + f (46) 

The coefficients e and f are determined by reguirirg the 
transition Kc to egual the laminar Kc at Re equal to 2,000 
and the turbulent Kc at Re egual to 5,000. The exit effect 
is the sane for all flow regimes, and is found frcn the 
following equation that approximates the 4 (L/d) Re =0.05 
curve in Ref . 17. 

, 2 .3 

Ke = 1.CCS3 - 2.5178 <p * 1.1613 <p - 0. 17677 4> (47) 

2. The Condenser 



Tie design of the condenser is almost the sane as 
the design c£ the boiler. It is a fixed tube sheet, 
tube-in-sbell heat exchanger. The condenser does net reed a 
separation volume so the entire shell is filled with tubes. 
In order to allow the entering vapor to reach all of the 
tubes, channels through the tube bank are needed. The 
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allowance for this is accomplished by decreasing the shell 
diameter by a fixed factor when calculating the rum ter of 
tubes. The calculation of the working fluid side heat 
transfer coefficient, h , is different. The equation 
accounts for the condensate from one tube falling cn those 
be lew it ard for the subcooling of the condensate . M. M . 
Chen's equation, as developed in Ref. 18 and shown in a more 
simple fcrir in Ref. 17, is used. 



hwf . h '» ] 



0.25 



(48) 



where 



h = BTU/f t 2 -hr-°F 



A1 = l sal - T w <«S) 



% = % * 7 c > 41 l50) 



n = number of tubes in a column 

is the enthalpy corrected for subccoling of the 
ccrdensate. Eguaticn (48) replaces eguaticn (36) ir the 
analysis cf the condenser. In the circular shaped tube 
bark, n is fcur.d by determining the number cf tubes in a 
column of average height. 



Ds 

n = 9.425 — - 1 (51) 

Pi 



The definition of AT 0 becomes 
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= Is ot 



(5 2) 



in contrast tc eguaticn (26) above. lhe seawater cutlet 
temperature is found from 



£ = T s w / out ~ T sw,in 53 

which replaces equation (25) . 

In crder tc find the heat transfer coefficient, the 
temperature cf the outside tube surface is needed in 
equation (49) ; therefore, the thermal network is solved for 
the outside wall temperature and for the heat flow rate. 

fi = Oi- (T w - T bulk ) (5«) 



where 



UA' = 1/ (R 1 + R2 + R4 ) (55) 

T butk = avera 9 e the inlet and 
the outlet seawater temp. 

There is nc factor, F, in the heat transfer equation for 
ccrdensation since the effect of neighboring tubes is 
accounted fcr in equation (47). 

3. 1 h e_ Eu m£S 

There are three pumps in the model. Eoth 
circulation pumps for the bciler and the condenser are 
assumed to be propeller pumps (axial flow pumps). The feed 



pumps are assumed tc te centrifugal pumps. The differences 
in the characteristics of the twc types of pump shot* up only 
in the calculation of capital costs of the pumps ir the 
model. 



Ihe chcice of the type of pump to apply is made on 
the basis cf the flow rate, GFM, and on the head the pump is 
working against. Qualitatively, the propeller pump is used 
where the flew rates are high and the head is lew. The 
centrifugal pumps apply where the flow rare is comparatively 
lew and the head pressure is high. The qualitative picture 
is placed in tetter perspective through the calculation of 
the specific speed from 



Nsg 



0.5 

BPM GCH 
0.75 

Head 



(56) 



The centrifugal pump is used when 500 < Nsg < 7,500 and the 
propeller puop applies when 7,500 < Nsg < 15,000, according 
to Eef. IS. The choice of the type of pump is checked after 
the optimi2aticn process has been completed by solving 
eguation (55) . If the value of the specific speed is 
outside cf the range, 500 < Nsg < 15,000, the maximum 
efficiency cf the pump drops off rapidly; therefore, few 
pumps are designed tc operate outside cf this range. 

Since the pumps are "black boxes", only the power 
consumed by the pumps is calculated. The pewer reguired to 
drive the pump is found from 



P 



M Ap 

*?pL ter* p 



(57) 
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c . 



CCS! FFAKEWOEK 



As discussed at the start of this report, the capital 
costs of the major components are the only costs to be 
considered ir this model. The boiler and the condenser are 
both tute-in-shell heat exchangers assumed to be cf the 
fixed tube sheet type. The only difference being that the 
shell of the toiler is partly filled with tubes. Eoth 
seawater circulation pumps are assumed to be propeller type 
punps and nade cf the same material. The size and number 
per heat exchanger shell may be different fcr the bciler and 
the condenser. The number of working fluid feed pumps, 
which are the centrifugal type pumps, are assumed to equal 
the number cf bciler shells. 

The cost estimating relationships fcr the heat 
exchangers a r. d the centrifugal pumps are taken from Bef . 20, 
by K.M. Guthrie. The equation fcr the cost of the heat 
exchangers is 



0.63 

*h« * 116 - 3 <V V <‘ t > |5e > 

where the constants are calculated from a leg-log plct of 
cost verses total tube surface area and 

F d = 0.6 for a fixed tube sheet 

Fp = C.C for pressure correction (p < 150 psi) 

F^ = material factor from Table 1 
I he = cost index 
A t = d 0 L N 

fcr a relevant range cf 100 < A < 10,000 ft 2 . 

The cost eguation for the centrifugal pumps and the 
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associated meters 



is 



0.721 

*(p * '- c ' 3 F o C H < 59 > 

where the constants are found from a straight line 

approximatic n cf the log-log plot cf cost versus C for the 

section cf the curve from C = 30,000 to C = 300,000 fer an 
electric motcr driven pump and 

F 0 = 1.0 fer suction temperatures < 250°F (121°C) 

= cost index 

F w = material factor from Table 2 
= predict of the flow rate in GFM 

and the pressure differential in psi 

for a relevant range of 30,000 < < 300,000. The cost 

data in Guthrie's article is given for a time base of 

aid-1968 . 

Reference 21, also by Gutnrie, gives cost data for 
propeller puaps and centrifugal pumps. The eguation fer the 
propeller puaps with the motors is 



0.783 

$ c \> = 5. 767 F^ F p l c p Flow (60) 

where the ccrstants are found from the log-leg plot cf cost 
versus flew rate for an electric motor driven pump and 

Fp = 1.0 fer a suction pressure < 150 psi 
F w = aaterial factor from Table 3 
I c p = cost index 
Flow = flew rate in GPM 

for a relevant range of 1,000 < Flow < 
time base fer the propeller pump data is 
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Table 1 

MATEEIAI FACTORS FOR THE HEAT EXCHANGERS 
Material 



Shell 


Tube 


F m 


Carbon Steel 


Carbon Steel 


1.00 


Carbon Steel 


Brass 


1.52 


Carbon Steel 


Stainless Steel 


3. 52 


Stainless Steel 


Stainless Steel 


4.50 


Carbon Steel 


Monel 


3. 75 


Monel 


Monel 


4.95 


Carbon Steel 


Titanium 


11.10 


Titanium 


Titanium 


16 .60 



Table 2 

MATE El AL FACTORS FOR THE CENTRIFUGAL FEED FUFF 



Material 


Fm 


Cast Iron 


1.00 


Bronze 


1.28 


Cast Steel 


1.32 


Stainless Steel 


1.93 


Monel 


3.23 


Hastelloy C 


2.89 


Titanium 


8. 98 
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Table 3 

MATERIAL FACTORS FOR PROPELLER PUMPS 

pumps 



Material 


Em 


Cast Iron 


1 .00 


Cast Steel 


1.28 


Stainless Steel 


1 .64 
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1570 . The costs arrived at from equations (58), (59), and 
(60) are in dollars per component, for example, dollars per 
beat exchanger shell. The purpose of the cost incex is 
allow all the equipment to be costed on a common basis. The 
tine difference is assumed to he small enough so that the 
cost index is set to 1.00 for all the components. 



E. ASSEKEIS CF THE MATHEMATICAL MODEL 



The engineering and the cost relationships are linked 
together in the model. The cost eguation is the function tc 
be minimized and the implicit and explicit constraints are 
the engineering eguations that restrict the feasible region 
of the frcklem. The explicit constraints restrict the 
variables, the vector X, to positive values. The rest of 
the model is formulated in the following fern 



minimize f ( X ) 

subject to: g (X) > 0, i=1,2,....,m 

i 



h (X) = 0, i=m+1 , . . . . ,m+n 
i 



where the definitions of the elements of X are shown in 
Table 4. Several of the variables must have only integer 
values if the system were actually built, but for the 
objectives cf this analysis they are left as continuous real 
variables. For example, the number of shells may have an 
integer value in the actual system but this requirement can 
be accomodated by solving the system for a real value then 
integerizing the number of shells and solve the problem with 
the next higher anc the next lower integer number of shells. 
The lower cf the two solutions would be chosen. The final 
resolution cf the correct number of shells would 
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Table h 

DEE I KITICN OF THE ELEMENTS OF THE VECTOR X 



x (1) 
x (2) 
a (3) 
x («) 
x (5) 
x (6) 
x p) 
i(6) 
i (9) 
x (1C) 

a (11) 

K12) 

i(12) 



velocity of seawater in the boiler 
" " " " " condenser 

cutlet pressure in the boiler 
inlet " " " condenser 

tube length in the boiler 
" " " " condenser 

mass flow rate of the working fluid 
diameter of the boiler shell 

" " " condenser shell 

outside dia. of a tube in the boiler 

m ii ii ii ii ii n condenser 



number 

•• 



of bciler shells 
" condenser shells 
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probably depend on other than thermodynamic and cost 
considerations, such as a requirement that ere extra shell 
be included to allow for one shell being dewr for 
maintenance. Obviously, the number of tubes in a shell must 
be an integer value but one extra tube cut of several 
thousand is a miner matter. In addition, there may be a 
requirement for extra tubes to allow for a percentage tc be 
plugged when they develop leaks so that the entire shell is 
net put ett cf commission by a minor leak in one tube. 



1 • Objective Function and the Constraints 



The objective functi 



the 


boiler arc the 


condenser , 


assu 


mes ttat there 


is one circ 


for 


eac b 


shell 


in the bci 


circ 


ulatirg 


pump 


for each 



there is nc cost analysis for 
needed abcut the number of tur 



on is the sum of the costs of 
and the pumps. The model 
ulating pump and one feed pump 
ler and that there is one 
shell in the condenser. Since 
the turbine, nc assumption is 
bines in the system. 



pre gram , 
the satu 
The nex 
the boil 
seme int 

proved 
ncr-ccn v 
solution 
function 
slightly 
must be 
when eq 



There are nineteen constraints in the present 
ere cf which is optional. The first three concern 
ration pressures in the boiler and the condenser, 
t twelve place restrictions on various dimensions of 
er anc the condenser. The last three require that 
eroediate calculations stay positive. 

Using the objective function as a constraint has 
advantageous in cases where the problem was 
ex or where the program had difficulty in finding a 
. It is used by setting a boundary on the objective 
s c that the constraint is either infeasible or 
feasible at the starting point. The proper choice 
feund by trial and error. One caution to note is 
uality constraints are involved. If the starting 
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point is near the optimum, the program tries to move away 
from the boundary and the eguality constraints may not be 
satisfied when the program finishes. 



The need for the ether eighteen inequality 
ccrstraints is net obvious when the problem is first 
formulated. The thermodynamics of the problem require, for 
example, that the propane saturation temperature be less 
than seavater temperature in order for the toiler tc absorb 
energy, bet the program has no way of knowing that, unless 
it it specified. If the program can improve the cost and 
satisfy the ether constraints by reversing the relationship 
it will do so. This inversion may take place only for a 
short tiae during the solution of the problem, but, if the 
eguations fail under this condition, the constraint on the 
temperatures in the bciler is necessary. Mcst of the other 
constraints are needed for the same reason. 

Seme constraints are not added to the problem since 
they are net binding in the solution. There are two such 
constraints. The first is the segmental area reguired to 
allow separation of the liquid droplets from the vaper. The 
segmental area set aside by the 405? rule-cf-thumb is more 
than that required by the consideration of the physical 
properties of prepane. The ether constraint is the 
restriction cn the maximum heat flux by Mostinski's 
correlation, eguation (37). The constraints dc not become 
binding in the scluticn. 

The three equality constraints contain the 
calculations cf the properties of the various components 
modeled in this analysis. The first one concerns the 
bciler. It states that the actual energy absorption rate of 
the bciler shells must be egual tc the energy absorption 
rate reguired by the thermodynamic cycle. Similarly, the 
second eguality constraint states that the heat rejected by 
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the condenser must equal that required by the thermodynamic 
cycle for the condensation of the vapor from state point 5 
back to state pcint 1 



cint 


1 as sho 


wn 




in 


Fig. 3. 
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2. The Optimization Method 

Since the arrival of the electronic computer, a 
great many nonlinear programming techniques have been 
developed frcm early theories and more current research. 
The computer program, called the Sequential Unconstrained 
Minimization Technique (SUMT), developed by Mylander, 
Helens, and McCormick in Ref. 22 is used to optimize the 
model. Their program implemented much of the theory 
contained in Ref. 23, by Fiacco and McCormick, about 
nonlinear programming using unconstrained minimization 
techniques. SOMT-Version 4 is chosen because of its ability 
to solve a wide variety of problems. The theoretical 
requirements for SUMT to be guaranteed to find a local 
minimum is that there exists seme point which satisfies the 
inequality constraints and that there not be a local minimum 
at points where X goes to infinity. If certain convexity 
conditions are satisfied, then the local minimum found is a 
global minimum. 



SUMT uses a penalty function to transform the 
ccnstraired optimization problem 
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minimize 



f (X) 



subject tc: g (X) > 0, i=1,2,....,m 

i 

h (X) = 0, i = ni+ 1 m+n 
i 

into a sequence of unconstrained problems cf the form 

m m + n 

F(X / r) = f<X) - r I In g (X) + 1/r . I <h.(X))2 (61) 

i=1 i i=m+1 l 

where E(X,r) becomes the function to be minimized. The 
inequality constraints, g (X) , cause a large penalty to cccur 
as a boundary is approached. The equality constraints add a 
large penalty whenever h (X) departs from zero in either 

direction. The size of the penalties due tc g (X) and h (X) 

is controlled by the arbitrary parameter "r". The algorithm 
solves the problem by solving a series of subproblems. For 
r 1 >r^>r 3 . . .>0, SUM! minimizes P(X(r M ),r n ) in each subproblem 
in order to find the minimum of f (X) as "r" tends to zero. 
When a minimum of a subproblem is found, "r" is reduced by a 

factor assigned by the user and the new subproblem is 

solved. The process continues until the convergence 

criteria chosen by the user is satisfied. Figure 7 

illustrates schematically the results of the seguerce of 
subproblems and the qualitative shape cf the penalty 
function. Three methods of minimization are included in the 
pregram. The user may choose either the generalized 

Newton-Eaphscn, steepest descent, or McCormick modification 
of the Fletcfcer-Powell method. 

There are several other options that control the 
operation of SUMT. The user may choose the initial 
penalty, r, or, if the problem satisfies certain conditions, 
the user may elect to have SUMT compute the initial "r". 
There are three choices for the convergence criterion cf the 
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FIGURE 7. PROBLEM SOLUTION SEQUENCE 
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INFEASIBLE REGION 



problem. The criterion used depends on the inequality 
penalty tern being close enough to zero. Another option is 
the choice of the calculation of the subproblem stepping 
criterion . Two of the choices compute the inverse cf the 
seccnd partial matrix and the third choice computes only the 
gradient cf the penalty function ( V x P(X,r)). One cf the 
mest useful cptions is extrapolation. After two or three 
subproblems have been solved SUMT is able tc make a first or 
seccnd crcer extrapolation to the starting pcint for the 
next sutprcblem. This can speed up the solution cf the 
problem measureably . 

The characteristics of the problem limit the choices 
for each option. The penalty factor couldn't be set by SUMT 
due to the presence of equality constraints and because the 
initial X is usually not close to any boundary. The stepping 
criterion fer the problem is that the inequality penalty 
term become less than some value, usually 10 -7 . 
Extrapolation is used, but it makes little difference in the 
answer or tc the solution time whether a twe point or three 
pcint estimate is made. The subprcblem convergence 
criterion is the magnitude of the gradient of f(X,r) 
becoming less than some small number. 

Ike choice cf starting penalty, r, affects 
significantly the solution time and even whether a solution 
is found in seme problems according to Eef. 7. If the 
initial "r" is toe small, the subproblem optimum may be the 
problem's optimum which may be hard to find cr require more 
calculations than if a much larger "r" is chcsen. If "r" is 
toe large, the first few optima lie near the center of the 
feasible region and are unrelated to the optimum cf the 
objective function. 

Scaling of the variables, constraints, and the 
objective function is necessary. The variables must be 
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within twc cr three orders of magnitude of each other. For 
example, the working fluid flow rate is of the order of 10 7 
whereas the tube diameters are of the order 10°. If the 
finite difference interval is 10—*, the partial of the 
eguaticns with respect to the mass flow rate may be lost due 
tc the roundoff error providing the only significant 
figures. With the constraints and the objective function, 
unscalinc may result in one term in the penalty function 
being deninant, and the algorithm finds that most cf the 
decrease in the penalty function takes place in the dominate 
term. The result is that SUMT works hard tc decrease that 
term and does not see the other terms resulting in a 
meaningless scluticn. 

In making first and second order estimates cf the 
scluticn, £CMT may generate negative numbers in the X 
vector. When it evaluates the constraints and objective 
function for this point, the eguations fail and may cause 
the program tc fail depending cn the severity of the failure 
and how many times the error has cccured . This problem is 
circumvented by testing the vector upon entry in tc the 
subroutine where the objective function and the constraints 
are evaluated and setting the constraint being evaluated 
equal to seme negative constant. 

The main program of SUMT is altered so that the 
problem can be restarted at the current scluticn without 
reading in a new problem. This is necessary because the 
program would give all the indications cf having found a 
solution, tut if the problem is restared it could ofter find 
a lew value for the objective function. The new solution is 
compared to the previous solution and if the two solutions 
are net clcse enough the problem is restarted after making 
seme changes to particular parameters, options, or 
constraints depending on the objective the user has in mind. 
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cf the major tasks in the development of a non 
s the linking of the model with the optimi 
in order tc analyze the model. The selection 
nonlinear programming technique is essential 
. Several techniques require that the cbj 
and the constraints be in a particular form 
Geometric Programming developed by Luffin, Fe 
ei, in Ref. 24, requires that the equati 
als which is not true of the model developed i 
SUM1 was chosen because cf its wide applicati 
cf any type. It only reguires that there 
asitle point and that local minima not ex 
. It has successfully solved many non 
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Twc versions of the analytical model are presented. The 
first is called the iterative version because the 
calculation cf the heat absorption rate and heat rejection 
rate reguire iterating on some quantity to find them. 
Mostinski's correlation, equation (36), contains the heat 
flux which is an unknown. It is not possible to solve the 
system cf equations explicitly for the heat flux; therefore, 
a successive approximation technique is used. The 
calculation cf the heat rejected in the condenser involves 
the same process with the temperature of the outside tube 
wall as the iterating variable. SUMT is urable to arrive at 
a consistent solution in the time allowed, up to 90 minutes 
of computer time. The solutions are quite different for 
each try with nc pattern evident about the direction the 
solution might lie. 
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There are several possible explanations for this 
behavior. Eerhaps the behavior cf this version cf the 
problem is such that SUMT is not the best choice fcr the 
optimizing algorithm or possibly the prctleru cannct be 
solved at all in this form. Another source of problems 
could be the numerical differentiation procedure. Numerical 
d i f f eren t ia t i cn is subject to severe truncaticr and 
rcund-cff errcr. The subproblem always terminates when SUMT 
is unable to reduce the penalty function during the next 
iteration, from one estimate cf X to the next estimate. 
Eecember the convergence criterion, never satisfied for this 
version cf the problem, is the magnitude cf V^E(X,r) 
beccminq less than some small number. No conclusive results 
cculd be obtained with this version so the second version is 
used fcr the present analysis. 

In this second version the heat transfer coefficients on 
the Ercpene side cf the tube are fixed. This enables the 
eguality constraints for the bciler and the condenser tc be 
calculated to the full accuracy of the computer without 
increasing the time reguired. The ccrrelaticns, eguation 
(36) and (48), are used for comparison with the fixed value. 
If the calculated value and the fixed value are within 20 tc 
25 % of cne another, the solution would be considered to be 
gccd since this is the tolerance claimed for the 
ccrrelaticns . 

SUMT seemed to be able to solve the new problem because 
a series cf seven solutions have been produced where the 
values of the elements of X and cf the objective function 
vary nc more than 3.7% and 1.2%, respectively, about the 
mean when different starting points and different SUMT 
ccntrcl parameters are selected. See Table 6 for a summary 
of the scluticns obtained from the assumed data, as shewn in 
Table 5. The design implications of these results are quite 
reasonable . The range shows the spread in the scluticns. 
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Table 5 

PROBLEM INPUT DATA 



Fouling Thermal Resistance 


0.0 hr-°F/BTU 


Eciler and Condenser 


(0.0 °C/kW) 


Elevation cf Boiler 


15 ft 


Above Condenser 


(4.57 m) 


Channel Allowance 


0.83 ft 




(0.25 m) 


Efficiencies for the Turbine 
and the Pumps 


85% 


Seawater Temperatures - Hot 


7 5°F 




(23 . 9°C) 


- Cold 


4 0° F 




(4 . 4 ° C) 


Net Output Power 


8.532x107 BTU/hr 




(25 MW) 


Eundle Factor (F) 


3.0 


Cost Indexes (I) 


1.00 fcr all comp. 


Tube Kail Thickness 


0.028 in 




(0.071 cm) 


Min. Distance Between Tubes 


0.5 in 




(1.27 cm) 


Heat Transfer Coefficients 


145 ETU/f t 2 -hr-°F 


fcr Eciler and Condenser 


(0.822 kW/m 2 -°C) 


Materials 

Eoiler and Condenser 


Carbon Steel Shells 



Brass Tubes 



Feed Eumps 


Bronze 


Circulation lumps 


Stainless Steel 
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Table 6 



EXAMPLE PSOBLEH SOLUTION SUMMAH* 



Variable 


Ha nge 


Mean 


Var 


'Jn its 


Bci ler : 










Velocity 


3. 323-3.347 


3.33 5 


0.7 


ft/sec 




(1.013-1.020) 


(1 .016) 




(m/sec) 


i ressur e 


a j prox 0 


118.2 


0.0 


lb/in 2 






(815. 0) 




(’<?> 


lute length 


39 . 16-40 .00 


39.71 


2.1 


Cl 




(11.91-12.19) 


(12.10) 




(m) 


Shell dia. 


2 4.12-25.00 


24.9 1 


3.5 


ft 




(7.352-7.620) 


(7.59 3) 




(m) 


lute dia. 


0.756-0.761 


0.758 


0.7 


in 




( 1. 91 9- 1.934) 


(1 .926) 




(cm) 


# of shells 


7. 14 1-7. 409 


7.228 


3.7 


- 


Ccr denser : 










Velocity 


2. 793-2.823 


2.808 


1 . 1 


ft/sec 




(0.851-0.860) 


(0.856) 




(ra/sec) 


Eressure 


91 .53-91.60 


9 1.56 


0. 1 


lb/in 2 




(63 1 . 1-631.6) 


(631.3) 




(kp) 


lute length 


39.35-40 .00 


39.78 


1.6 


ft 




(11.99-12.19) 


(12.12) 




(m) 


Shell dia . 


44.69-45 .00 


44.89 


0.7 


ft 




(13.62-13.72) 


(13.68) 




(m) 


lube dia. 


0.763 2-0 .7686 


0.7660 


0.7 


in 




(1.938-1. 952) 


( 1 .946) 




(cm) 


3 of shells 


3. 297-3.401 


3.331 


3. 1 


- 


Mass flc« rate 


22 . 12-22.21 


22. 17 


0.4 


10 6 ltm/hr 




(10.03-10.07) 


(10.06) 




(10*kg/hr) 


System ccst 


7.578-7.673 


7.607 


1 . 2 


10 6 3 



65 



The arithmetic mean of the seven solutions is calculated. 
The difference between the maximum and the minimum values is 
shewn as a percent of the mean. The percent variation gives 
some idea of how well the solution was determined. Note 
that the tube length and shell diameter constraints are 
binding for both the boiler and the condenser. The 
subpreblea still terminates only when the penalty furction 
does not decrease from one iteration to the next. The 
magnitude of ^E(X,r) is not becoming small enough to 
satisfy the convergence criterion. The value never becomes 
less thar C.C2 and is usually greater than 0.5 when a 
subpreblea is stopped by the program. 

Useful results are obtainable, however. The engineer 
can learr much about his problem even from a single point. 
For exaaple, from the cost breakdown in Figure 6, the 
portion cf the costs attributable to each component can be 
seen. The heat exchangers, of course, dominate with 785? of 
the cost. The circulation pumps are about 21% of the cost 
with the feed pumps being T.2% of the total cost. Since 
the efficiency assumed for the circulation pumps is prcbably 
toe high, these pumps would be even mere ccstly in terms of 
energy and mcney. This could indicate the priorities that 
should he set on the design efforts for improvements cf the 
varicus ccmpcnents with the highest priority beinc the 
highest percentage cost component. 

The system's pewer distribution is shown in Table 7. 
The significant features are the large energy absorption 
rate for the snail useful output power and the parasitic 
pumping pewer. The lower the efficiency the greater must be 
the power absorbed for the same output. This is to be 
expected for this kind of system. The parasitic pumping 
pewer (12% of the turbine output) is about twice what it is 
for a fessile fuel plant. 
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8 . 6 % 



FIGURE 8. COST BREAKDOWN 
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Table 7 

SOLUTION f OWES EUEGET 



beat Absorption 
Turbine Shaft Power 
feed Pumps 

Elr Circulation Pumps 
Ccnd Circulation Pumps 
Feat Fejected 
Net tseful Power 



ETU/hr 


MWatts 


3 . 56x 1 C 9 


1042.8 


9.69x 10^ 


28.4 


4 .49x 10 6 


1 . 3 


2.58x106 


o 

• 

OD 


4.51x106 


1 .3 


3 . 4 7x 1 C 9 


1015.7 


8.53x107 


25.0 
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Cnee 1 1 € model has been optimized with the number of 
shells as real variables, the problem can be re-solved twice 
by fixing the shells at the next higher and the next lower 
integer number. For the higher number of shells, the cost 
increased slightly as expected, from 7.607 million dollars 
average to 7.983 million dollars. The problem with the 
lower integer number of shells could not be solved due to 
the constraints on the tube length and the diameter cf the 
shells being binding before the shell numbers were 
integerized. The program is unable to find a new solution 
that satisfies the equality constraints. 

Table 8 shows some miscellaneous data from the model 
that deserves comment. The overall heat transfer 
coefficient cf the boiler is approximately three times that 
for the condenser which is the major reason for the lewer 
cost of the boiler relative to the condenser. However, 
remember that the bundle factor, egual to 3, is a part of 
the heat transfer coefficient. More data must he gotten 
atcut this factor in erder to improve the reliance or. any 
solution. There is a significant difference between the 
Prepane beat transfer coefficients that were assumed and the 
theoretical values calculated from the correlations. Other 
values should be tried until the fixed value is withir the 
20? tolerance on the theoretical value. The flew of 
seawater through the tubes in both the boiler anc the 
ccrdensei is turbulent. Apparently, the resulting cost 
savings due to the improved heat transfer rate through a 
smaller area is more than the increased costs of the higher 
pumping power needed. It seems likely that the solution 
obtained is globally optimal; several different starting 
pcints were tried. The problem has been started in both the 
laminar and tbe turbulent flow regions with no change in the 
results . 
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Table 8 

ADDITIONAL DATA FROM SAMPLE 
PROBLEM SOLUTION 

Boiler Condenser Units 

Kcrking Fluid Heat Transfer Coefficients 



Assumed 


145. 


145. 


BTU/hr-f t 2 -°F 




(0.822) 


(0.822) 


(kw/mz-cc) 


1 heoretical 


227. 


241. 






(1.29) 


(1.37) 




Surface Area per Shell 


2.39x105 


1.27x106 


ft 2 




(2.22x10*) 


(1. 18x10 s ) 


(m2) 


Seawater Cutlet Temp 


72.3 


43.8 


Op 




(22.4) 


(6.55) 


(°C) 


Shell Saturation Temp 


66.7 


49.9 


°F 




(19.3) 


(9.94) 


(°C) 


Seawater Mass Flow Rate 


4.39x108 


9. 11x10* 


lbm/hr 




(1.99x108) 


(4. 13x10*) 


(kg/hr) 


Mean Temp Difference 


6.67 


7.85 


Op 




(3.71) 


(4.36) 


(°C) 


Overall Heat transfer 


310.6 


105.0 


ETU/hr-f t2-op 


Coef f ici ert 


(1.76) 


(0.595) 


(kW/m 2 -°C) 


Heat Flux 


2070.0 


824.9 


BTU/f t 2 -tr 




(6.528) 


(2.602) 


(kW/m 2 ) 


Seawater Reynolds ro. 


19,800. 


9,960. 


- 
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IV. RECOMMENDATIONS 



The present model has a great deal mere information to 
offer, but seme improvements in the model should be mace tc 
improve the ability of a nonlinear program to solve the 
problem. The first recommendation would be to study the 
equality constraints and place inequality constraints on any 
variable or grouping of variables if they teth can become 
negative anc alsc must have their logarithms computed. 
Examples, already included in the program, are the number of 
tubes in tbe shells. The heat transfer coefficients for the 
working fluid side in the boiler and the condenser cculd be 
included as equality constraints. This can be dene by 
adding the heat transfer coefficients to the vector X and 
requiring that the variables be equal to the coefficients as 
computed by the appropriate correlation. The same cculd be 
dene with Ealen and Small's property-dependent calculation 
of the separation area by equation (12) and (13). From an 
overall standpoint, the results seem to indicate either the 
problem is tcc difficult to be solved efficiently ir its 
present fern or that another nonlinear pregram, other than 
SDMI, might be better suited to the problem. Numerical 
differentiation of the constraints in this problem dc not 
seem to help the program to find the solution since the 
magnitude cf ^P(X,r) is net near zero when a suhproblem 
steps. 

Once the optimization scheme is functioning properly, 
the model can be used to study the effects cf fouling and 
ccrrcsicr and the costs of their prevention. Many proposals 
have been made that must be analyzed in the context of the 
tctal system. Seme such as Amertap, where plastic fcam 
balls are pumped through the tubes to clean the heat 
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transfer surfaces, add a cost penalty from the capital and 
operating cost of the Amerta p system and from the increased 
pumping power reguired. Coatings add the capital costs of 
the coating and the added capital cost of increased heat 
transfer area reguired because of the increased thermal 
resistance cf the coating. 

A sensitivity analysis can be performed cn the model to 
test the assumptions and the various constants. The 
sensitivity tc changes in these factors can indicate how 
much one should be willing to pay for the improvement 
sought. High sensitivity indicates areas where the greatest 
effort for improvement should be desired or the priorities 
should be set cn research into the unknown areas cf the 
problem. The trade-off between cost and performance can be 
studied by changing the output power and looking for the 
lowest cost per kilowatt-hour, which is the measure by which 
conventional power plants are compared. One could look into 
the cost and the benefits of increasing the depth from which 
the cold water is pumped versus the improved temperature 
differential possible from using the colder water. 



Tor the capital cost of the system to be complete, the 
turbine design must be included and cost estimates made. 
The turbine will be unique due to the very low pressure 
potential drcp it must use. Some work has been done by 
ether groups working on OTfiC, Hef. 25 and 26. Reference 27, 
by Bcbert 1. Bartlett, can provide costing and design 
information although he deals only with steam turbines. The 
remaining part of the system that is desireable for 
inclusion ir. the analysis presented herein is the cold 
seawater intake pipe. It will be on the order of 1,0C0 ft 
(3C4.6m) lore and 100 ft (30.4 m) in diameter. 



72 



^*4*X4=M=** MAIN **$$#*$*****#* 

MARCH 1971 



qooooouuooqouoooooooooooooopooooooqoooo 
wru\vOP^a)u>o*-*cNJiM'Tu^vuf^uuu^o*-»CMfM>rLn'^r^ouu'o*-»<^ oisr mvor^cocp 
^ r-i r-t ,.1 r-i ^ p-t rsi ( nj c>j c \j c\j rg c\j fM ( \i r\i n ut ) n t m o ) r ) n m ) n ) 



zz^:. 

HMMMMMMHiMM M l | W hhNHHHHHHHHHHHHHHHHHhMHHHN 

<1 <1 <1 <1 <* <L <1 <X <I<. <t <1 <1 <X <1<. <1 <l<. <. <1 <K. C <l<l <1 <1 <1 <i <1 <1 <1 <L <1 <1 <1 <1 <L 



* 



LZ 2 - 5 . 




2 -ZZ 2 - 








LJ — 


LJLJ 






• 






►Oco 








cu 






HC*M 








X LJ 






ocMh- 


X CL 






LJUJUL 






*- 4 W« 4 . 


►LJ 






XU. 






C/)»— »l/| 


CO ► 






1 — 1 - 






cc^z: 


J — 1 






_J X 






*>rv •* 


►CD 






act-J 






LJ ►LU 


-i-J 






Zujz 








UL'f— 






•~*h- 


r -4 






OJ LJ 






lloc 


i- 


O 


uu ►x 


u ► 


M 




LU<ILL 


z: 


*— 1 


X— *CL 


k-LJ 






X X 


► 


h~ 


1 — LL «<1 


►Hi 


► 


LJ 


t— •!— 


ri 


z 


► •* ► 


t /)U 


Z. 


H 


ZCJ 


LL 


► 


MCslM 


► ► 


► 


1 — 




Z 


LT 


1 /)lLX 


to lj r— 


H. 


X 


L<< 


► 


1 — 


aa^ 


LJ LJ t-/ 


► 


► 


XX 


z 


xl 


UJ ►z 


►LJ »— 


X 


LP 


OC 


2 t 


•■ 


►»— 1 JJ 


UL ► 


<x 


h- 


►-«z:lj 


► 


cu 


Oar 


<AZ ► 


i. 


-z 


ac »-^u- 




r— 


H-»CL ► 


UJO Lj 


L 


► 


LJ 


► 


z 


f~ ►Cl 


_l ►WCL 


1 -' 


w 


ouj<i 


XL 


r- 






► 


I— 




► 


r- 


ccou 


►LJZIO 


LJ 


z 


<IU<. 


— s 


i- 


►Ur 


mm ►LJ 


HH 


► 


LJ LJ 


0 




ax*-**o 


H* 


r- 


K 


0 




iw^ ►cvi ►»- ► 


< 


t~ 


5 J to or: 


H 


vOar.OHxaG ► ►o 


OL 


2: 


^HQ 


► 


K 


►lai-jujOfQxz 


► 


► 


l/) X 


O 


z 


— CZXUJX 


O 


sU 


h' 


O 


»*0 ► ►LJ 


►X LJ LJ O 


<1 


h- 


LU^\S) 


H 




— CLJI-^Z. Vt 




«z 


XM^l 


w- 


►-IMQO *-LL^— <J. ►— l •* 


LU 


► 


H-LJLJ 


<1 


Z' 


—OO^ iuj hh ► *-LJ 


X 


u 1 


0.0 


•» 




-)HH>xaxxof 


h- 


K 


CO -J 


— » 




► ►^ <lhM 


► 


Z 


LULJ 


O 




►OiVlaClMXX JUO 


Z 


► 


h -ZZ 


O 


z<xaaucKZcu 


w 


'T 



O 

X 

IjC 



<\J 
CL 
CJ 

K * 
2 LD 

►<\iz: 

CMCL ► 

r— lu*— < 
z:xu. 
•> ►u 

i-HHX 

II W I- CLLU 

ox zluz 

Z'-' X 



<1 

2l 

(X 

O 

LL 



►-* ru 

>-*z: k 

CO ► 

CL «-H 
LU I! 



0~ 

vO*"* 



<MM pH ►J.JX •'021 X ►** 

»— »l— <r — room ►—•XX ►Z ► 

1— h-MD-o^ ►t-ua. 

*-*< 3 . ►uj zco ►oo.zLjxzii. 

Z ►— >- r^ LJ ►CL^'O*-* ►</}*: ►CL CM 

>ntnuj 1 ► <m »o^Hizu.a z 
jo^Nr-oo^cya ► < zpxoc ► 

»— LJOJ »<Ji_Z LL.— l(' 0 <lLJ < iClJ^^ U ~C\J CL 

<lZQXO ► ► ^XhXi/J ► ► *><az LJ 

_L<.CC I «-IHH(J X ►UOJ ►UOQQCUJ ► h- 

H* ci<-J.h ►_)-- ►Z-tKUja:-' co 

► wX ►ZILOJO^ >0 ►C 0 < 2 : <1 

s: 00 CL 00 X QOON 

SS HOh\<I W 
XQZ_JLU\t/)LU\wHL 2 H-S-JHXUJQC 
0*h 

UKHiuj<<iK^toxaa 2 lj •‘^/mu/j uu 
ctclzqcxljll^ul ^xmhqlULhmxuj 

aou UOUJOJ>X' — UCLULJ<.— JO</7 21 W<lLl. 

^-SXSNNO'«J ,sN v ►UNNN SXUj 
uj ►uui-t oa. ou 1— *-<rH •intnujinininiD + + + lu_j 

4 -lOUUZZZZZH ^ZZ> ►ZZZZZUi 

H«x HUO u OU^H'UO<H/)DOOUUi:il H ^ •“< 

II LJU-JI—U-Jt-Jf— II ll ll-Jh' 

Vj|— ►LJ2l..i_ZX«ZU- »-*<Z <4-^— 

HIUJ^LUWUUVJ ►LJL^LJh * 4 • , UUUUU^Z^/’ujuiV‘Wuliuju« h ‘'II’I^^ 
*-)(J'-»uuuh •‘UUXLUuuuuiLiL^a.a.ua.a 
^ <3 1 r-liM r- 4 l\J 

»-*UL— I ^ ^ 

«a «U. CM 1 M 

i.LLt/> 



LJ 

(X 

<1 

O 

oc 

a 

xo 

<<x 

XLU 

L> 



— »Z0~*0 

OO 

CULPLJ^HLP 
CJ ► ►'-V*. ► ► «*UJ r- 4 l\ICMf-* 



wx 



uuuuuu 



o 



oouoooooooqooooooooooooooooooooooooooooooooooooo 

O f-4 cm n ) in vu r- ao o ^ cm o i <r u \ o r- au u> o •-« cm c n in r- ao co o *-« cm rn 'T in r- aj u> o •-* cm o i >r in vo r- 
'T nt >t vr ^ >r >r <r -<r u > u > u \ u ^ u > u > u \ m mm o >v o *o >u *v o >o o r- r- r- r* r- r- r- r- r- cu cu cu cu ay cu ay cu 



<3 <Q«C <1<1<1<1<I <I<C <1<1<1<I<I <\<1<X <3 - 



'ZZ 






1—0 



LUO 

2lUL 

LU 

->"5 
o cu 
txu 

CL 

2UJ 





o 


•> 
















<U- 








<i 


cr 
















U' 








H* 


1— 














H- 


LO 








IU 


Z 














U) 










X 


•* 














»— i 


CL 








•— 


cu 














X 


2<l 








•• 


1— 














LU 


U>LJ 








4-^ 


z. 
















HZ 








CO 


•* 














t— 


1-0 






-J 


X 


r- 














2 


OO 


o 




o 


X 


1— 














1—4 


-jaj 


in 




or 


•» 


z 














o 


r • 






H- 


o 


•* 














a 


c/)UJ2 


o 




2 


M 


>o 
















ID 


i- 




O 


1- 


►— 














UJ 


hh w 






o 


<1 


2 














X 


CO I- 


o 






QL 


•» 














cu 


<ILU_> 


o 




QL 


•* 


u> 














•-HI 


— i>— J 






UJ^i 


Z 


*— 














C/J 


OO 


— 




x>~ 


h-» 


2 






h- 








< 


LUXLO 


in 






O 


•» 






O 








UJUJ 


X 


o 




<u 


X 


<r 






o 








LLW 


HU 


UJ 




QC 


ex 


h- 






h- 






ex 




COI— 


• 




Ot/> 


•* 


Z 




CM 


2 






uj(M>r 


OX 


U 12 


— “J 




OCX 


X 


•* 




CL 


»— 4 






^cr-o 


2CL 


4-4 <1 LU 


s 




CL, LU 


< 


ro 




O 


QC. 






OO^H 


2 


CO 


H- 




U.JL 


5: 


t— 




X 


QL 






X»— 4|— 1 


X* 


3L «UJ 


o 




2l 


> 


-z 


CM 


111 








ooo 


H* •* 


UJ 2 CL 


1- 




ex<i 


i— 


•» 


CL 


2 


-J 








<t — 


-JOCL 


vt 




UJCL 


•» 


i\j 


UJ 


»- 


< 


*— 4 




jaa. 


OO 


CD 4-^ 


• 


1—4 


oo 


N4 


i— 


xo 


*-H 


»— t 


o 




JDU 


1-4 CM 


Uh-ai 


UJ 


o 


20 


X 


z 


+>CL 


a. 




o 




<IH-K 


O •* 


exox 


-J 


o 


ocx 


•* 


•* 




C) 


1-4 


o 




OLOCO 


20 


Q.JK 


■ 


o 


LL 


X 


H 


CLO 


X 


2 


• 






4-4 vf 


CJ 


— 


• 


to 


•* 


H* 


UJ 


LU 


CX 1-4 








•* 


H-COO 


> 


+ 


♦-•CO 


2 


z 


xz 


2 


CXLL 


r- 




*-«ooin 


OO 


2 1- 


4^ 


r- 


3: 






o 




^<2 


o 


CM 


i • i 


1— >t 


UJcO 


1 


o 






<1 < 


UJ 


*-* 


1-00 


► 


CXOLU 


h- 


UJ 



HJOOOOWOOhOO 
CJ — i u \ nu r-iuj rvi o Q- n) «-» 






O OUJLU 

• h- • • • 

OJUJ^hh 



□o 

UJ<* 

to *cg 



cxot— 

ir^iu 

o^h^ujlu **z ► •* ►uj * Ky<H-J Q-caccx.cLa.LOOO 0> 

*t* I CL 'O'W'U'O^nU'UU'U'WA II • su ru<iw |l r-OOUO<l *T II CJ 
II 22 UwwwwCt^w^w^M sU^UJh> *00 Jh-XXXOJO)^ HO 
LU oc uj o »— uj huvmjo • «<iololuluuju~i»-« lu aj 

CX II II i^<!UJLULULU-JUJ LUO LULU U) || UJ qojl ococX 

t— MUKt-^h-ur-h-^r-h-xi t— • — — i m ~J n — » 

LJ*— — J II || • — i I -J II XW—I 

tX.A._JZ.U-LLLLLL ttUL U.U.HU.U.£X-/^A< 4 .W V/^MO.U .1 





v^uuzg 

CL) I— it. CM 

cj no 

— * II II I— 



ULfr— UL 



zzzuu 


Jt Jt LJ J6 ^ i_J ^ ^ 


c. JL — 3 X ID 


XOLUUHWI-.UWUZZU 


acco 4— 


CX. 4—1 


< 4 . 


* 4 . 




^ 4 . 




C/JUJ 2 


LUfr- 


UJ 


LU 


1 


X 


u 


LU^UJ 


_JLX 


LX 


UL 


1 


LL 


>r 


ut oo 


LOO 


1 

| 


1 

1 


1 


2 






OO 


o 


1 

o 


O 


O 




OOOOO 



74 



OOOOOOOOOOOOOOOQOOOOOOQUO 

co on o cm o \ <r in o r- co o «-« i\j ro <r tn o r- u> U' o •-* rvi 

ajuu^iru^^u'^u'u^^ooouooouoOHHH 



<a<i«a.<x<a<.<a<i<i <l<i<i<i <i<t <i <i <a<. <i <i <i 



<a 

IXIf— « 
.D-Jtxl 

ZP 
~ O 



uvur 







f-H 








r- 


r-r- 






\ 


• • 






(M 


<r >t 






INI 


«-H iH 






V*. 


LULU 






CO 


II II 








UJ<L 








- 2 . r~ 






>r 


►— ILL 








l-X 






2 : 


H- 






O 


#X 






H-4 


XnL> 




— *> 


Ui 


<3 ► 




m 


QL 


JLX 




— * 


LU 


x <r 






> 


d •* 




*-« 




f-nr- 




w 


1“ 


► • 












«• 


d 


aj »— < 




•» 


V) 


vuu 




<r 


1 


|| 




t 


UJ 






00 


X 


HQ 




LL 


►— » 


II — J 




•» 


H- 


Mm 




• 


— 3 


3COO 




It 


O 


XCL 




UJ 


o: 


OUU 




LJ 




•»X 






OUCJ 


XUJ 




<1 




SU •» 




a. 


LJ*“« 


-X 


H- 


<L 


m i. 


mx> 


<a 


Ui 


1-51 






-J 


Q-<[ 


it r-co 


UL 


LJ 


LJO- 


• LU 


O 




o 


X<n- 


LL 


-J 


ILO 


OUrMLJ 




—1 


— ljcx: 


•-lull* 




<L 


CL 


X II _J 


LJ 


jE 


00 »- 


NUOUJ 


CL 




LULU O' 


»MU) 


<1 


Ui 


LJLO<I 


chh* 


LJ 


_J 


21 UJ 


M<U/J 




co - — 


<LO)^r. 


II oc*: 


CLh-v- 


Z'J- 


0L^—< 


-cxu 


C’<1<1 


Uh 


ujo-j 


XsO*-* 


KZZ 


cq ro 


JUZ 


CM 


oor.a: 


*<— * 


UlUO 


•*XCL 


oocao 


LLlO'-Of^ 


1 — u/>Z 


x^ru 


Qt IU LL UL. 


aj • • • 




IA •* 


<t> 


DiMCMOr^OUH 


•»r^o 


O CJLJ 


h-'-H^rvJ^-L J--L 


o «x 


xaa 


OUJUJUJOrnsUsO 


XnTUJ 


(X <t<i 


- lT\sO>U«-»f- 4 CNJLn 


r— 4 f— 1 H 


UJ uu 


w«www 


w w w w 


wujw 


I— -J 






II 


Of<l2r^ 






Hqch 


ZHJO 




<x<l 


<4.^— *-*•— » 








aM^f- 


QL UL CL CL LX. UL CL UL 


u_ *-cz.i 


<*4.^u-u- 


LJ LJ LJ LJ LJ LJ U l J ' 


*^UXU 


a^uu 


a.U-U-U^LLLLULLL 


LL vTLL 



O 

u\ 



d 

sU 



ogppoouo 

r-nju'd*— 



o 

m 



u 

4J 



UUOUUUUU 



75 



SieFOtTINE fcESTNT <J,V/*U RES 



OOOOOgOQOOOOOQOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOO 

^ c \j o » vr tn r- oo lt* o ^ ^ rf > >r tn no ao u> o •-* i v* o i u \ vxj r* cu u> o rn 'T in 'O co o *-* cnj ro >r in vu r- ao 

rH r-i *-i r-< r-i «-< »h r-< rH i-h rsj cvj im im rsi (\j cm im rs4 cm m o ) n > n » m o > o ^ n > n > n > >r >r >r >r 'T ^ 'T 



to u y w kj ) u > to 1 / ) in v ) u > in to in to to to m in if > if) to to to to to if) if tin if) to to sn in in to to to to to to to if) to x x to x 
xxxxxxtuxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
or-occt CLOL& otcctxcLaLcx cLczcL clcl&ulcc czocclcx' cx.clolczclcl&clclcz czcz oloc.cl.cy cl&clclolclcl 





oo 


X 


zz 


►O 


0 


z 


►0 












X • 




^~*h— 


0 


H-»0 


OX 


*• 


1— 1 


00 












•0 




UJH 


•» 


2- ► 


-CX 


0 


3 


CL) *• 












a: • 




XX 


X 


0<1 


VH-J 




to 


ox 












00 




►3 


-*> 


►0 


X ► 


0 


h* 


1— X 












• • 




to ► 


X 


<*.o 


XX 


•> 


0 


tox 












ox 




X_J 


X 


<1 ► 


►-J 


X 


•» 


oto 












to 




•*cu 


0 


XX 


XX 


X 
















0 t 




oo 


•» 


oto 


JCX 


X 


-J 


h-to 






O 






• u 




HlUh 


*- 


►0 


tox 


0 


<1 


0 •* 






CL 






XCJ 


t 


JLOIO 


X 


-*X 


xo 


X 


JK 


h- X. 






h- 






00 




2LZ) ► 


to 


too 


X ► 


a 


h- 


C3r<r 






to 






• • 


<1 


•4-0 


0 


0 ► 


►0 


r» 


•* 


ux 






€»• 






J oc 


XX 


•— » •*-* 


0 


►0 


oz 


X 


h- 


►0 






*— * 






xo 


xo 


xtoo 


X 


XX 


JCO 


JC 


—1 


h- ► 












3 t 


1-0 


z •» ► 


•h 


j;x 


xo 


LJ 


X 


006 






w 






H-O 


CL 


*V)Q 


0 


00 


XX 


< 


0 




r— 




r- 






O t 


OX 


2:00 


> 


•» •» 


ox 


X 


•» 


Oh- 


0 




0 






to 


2 


2. *3 


0 


h-<r 


•* *> 


X 


X 


••X 






</> 




• 


06 • 


O- 


►06 ► 


X 


ox 


xo 


•» 


0 


015 


0 ^ 




3L 




to 


ox 


X 




X 


<10 


JCX 


0 


3 


XX 


V/) ► 




•* 




h- 


tJ 


z:3 


►xo 


•* 


X ► 


tox 


<1 


to 


0 ► 


i_o 




-► 




ZT 


O t 


ox 


Z.-J ►O-’S 


►01 


xx 


X 


r- 


r— -s 


<MJL 




i\J 




•— 1 


to 


M 


►3>*6»— »<l 


XX 


0 ► 


X 


•• 


h— to 


sOl-4 








<1 


OO 


t— X 


— ►3262- 


xo 


►0 


*» 


X 


ox 


00 




O 




X 


t • 


ox 


U>hm 


►0 


•«. ► 


ox 


X 


0 


•»x 


l/>o 




O 




►— 


XX 


ZH 


oox»-» ► 


is nj 


3:1-4 


<1 


h- 


XX 






toh- 




to 


3 0 


3 


H-2TX 


to or 


too 


h- 


0 


5IUJ 


»> ^ 




X3 




2: 


t • 


X> 


►O ► 


•‘Z 


00 


tox 


0 


X 


X ► 


ina 




►O 




O 


30 


CD 


OUCDXm 


x ► 


HU. 


X 


Q 


H-tX 


oz 




— h- 




O 


X t 


X 


0 *4-x3 


«nH 


I> ► 


0 


*> 




1 vi too 




CMX 






XO 


>o 


H XL'U ►! 


KOX 


►X 


•• 


0 


►h— 


h-3LU 




«Z 




X 


3 to 


Hill 


'-OhZi^XU 


xo 


X 


0 


XX 


•» 




in ► 




X 


r-tLMM 


HI- 


X.*— <LM-<XX •* ► 


XOJ 


•» 


JL 


XX 


f—4 nJ” •» 




01— 




h— 


t JIM 


3x 


<U*H »• 


►X3XX 


tox 


0 


is> 


OX 


f— OO 




tox 






CL t 


XX 


►XX X 06 X COX 


tox 


X 


H- 


h- ►x 


►toct 




2Z 




IO 


OOOO 


"33 


— » *-<C ►( 


O06UJ 




X 


•• 


tOXXtOi.i-1 




•> ► 




(/) 


• Oh- 


xo 


OXIii 






9» 


X 


Ojcxin ►O 




~CL 




<i 


00 


ox 


o<*h-z:x xo<. 


►H- 1 


0 


M 


►xoxrnx 




CM JC 




X 


t to 


CL 


^ 2.x 


►OtOCOX 


ox 




3: 


xx> 


► 0 ^ 








> 


0060 


X 


— ►Z "ZCCZ 


ISO 


►oto 


aixomto •* 




^TH- 




aj 


•0 


1 1/) 


►*— CJ-SX ►< 


tox 


IllZh 


XX ► 


X2IX 




OX 






X t-* 


y-<i 


►muxzw^'TU 


0 ► 


^ux 


ZD *4- 


► ►i. 




toz 






300 




NQ(/)iC 


►CJ3X *■ 


Xf- 


xo ► 


h-^X'Trvja.— 




21 ► 




X 


t t • 


c/)X 


l ►xzaj 


•* ►>— 


XX 


►xo 


owzioa>r 


M 


►3 






-*oo 


ui^: 


►<D112N< 


►r 


X 


►0 


•*x ► 


►ooa.^ 


^06 


<fOZ 




M 


to t t 


» — • 


►0<*cuz: ►loxx 


XiC 


►X|— 


O-sxrvjaL^tx 


OX 


OO * 




1— 


ox X 


<th- 


XOto ► 


►XX ► ► 


SCO 


a 


XXXi ► ► ► 


►<1 


XU)X 




<x 


333 


3 


| r-4 ►OtOJCXr-im 


</7 ► 


►ox 


x ►o 


►*HQ6-*l 


(•"MOJ 


02 ) 




0 


t • t 




<^JKouua3 


□h 


0 


►CJ 


z?u h-HOjvoxza 


► ►>— 




X 


cl in is) 


c 


— x>o 


►0 


► h- 


XX 


xo 


HSaXtOCDrH 


cn<i 


<ICM2: 




z 


OOO 


>K 




acrco x»v 


oao 






xo •• 






t • t 


X<1 




X tO»- ► 


■^.Z'^a.cc. 


3 <1 




XtOO 


to 


X 


006 06 




JIUZ ►h\3^CD 


\(jUtOOUJKVQ.^UJ\\ 1 


UJZjX 213 


X 


M 


too 



UJUJ 

►-•o 

*- 

— ;x 
Dh- 
xz: 

CU*-H 



XX 



«ao6xj— oiso»-*<.3a. ►xx *<x _jh- ►cJ30h-\oxo<o v v ►)— 

UJ < 13 L LJ ►LJ ►X 3 tOLJOXX 32 X<IX **OXX 2 . XOJX Xi-H^T 

c£ j-i~»h-x 3 -sx ►xor ^cjq:xxcjxji: JO-t-HX^-M-^x^xo •* 
xo<r 3 <xxxocju.x UHUxamuz:u^ 5 .h^^wu 
r~ w ) ► x.xt- f'v ••'v. **Nra v\s\NN\NV.ix 

H-» OO o h--S OX x h~ u>.s aoao 

HUD<l</)UUU ^UXUJulilDUO •‘UUDOUOOQUO 

►i--aL 22 . 2 _ 2 - 2 - 2 . 2-33 

U- X X ► 32 -JC 2 _<l •-XLO ► 2 - 32 .*— 2 . X~> 2 . 2 . 212 - 2 . 2 . 2 . 2 . 2 . * 4 . 

4UUh ►Ul/)'-'^-^UlLUu *\JUUU.UJW^UUUUUUUUUiUJ 

*-<X 3 XX 32.3 ►*— 33 X 3 X <3 **ooxoooooooooxx 

— I(\J 1-4 H(\l •— l<\i »-H r-i Hl\| 



_J 

CD 

•—I 

X 



cu 



to 



O t • 

too 

LU f • 

JOO 

<1 t t t 

HH js IXJLU 
X X33 

3 t t 

w u_io 
jC • 
2- U-ULL 

X —30 
<1 I-ICM 



xo 

1—0 



ooooo 



OOOO ooo 



76 



aooooaaoooooooooooooooooooQooooaoooooaoaooooQogo 

o rsj cn in r* co o ^ i ' > in r - uj cjn o i--i (\i cn o »--« rvj r > >r tn vu r • ao u> o txi ( m >r u ^ so 

NTU , \u>inu>uiuAininaui^>u>u^>uvUO^'4jsUNur^r , -f w f^T^r»r'r*r^r w cocua>cDaoa)ujajujcou'u>u-‘u>u^u' lp 



1010 to loiom to cou)iou)iou;ioioiouju)cou)iou> coco coco to coiocoiocouiio coco to coco colo coco colou?co v; 
UJ tu UJ UJ LJU tu UJ u i LD UJ UJ UU Hi UJ UJ UL1 LU LU ULI UJ UJ UJ LU UJ LU UJ LU UJ UJ UJ UJ UJ UJ UJ UJ LU LU UJ UJ LU LU UJ UJ LU LU U 1 LU LU 
& a && c£(jl&<xcccz aiczc^aca czfx&a && cc(x<x&cr-(xcx:cz & (x cz & cxcz (x eta: a.acct &. oca cucxclql 



c 

ex 

I— 

V) 

Zl 

U 

U 

ex 

o 

u 

z 

O 



*:x 

UK 

hO 

I* 



UJ 



* 8 
• I 

CMO 
I U 
UU 

o 

II 

I! 



UU 



U 

U 



UUUU 



o 


U • 




• 












in 


in • 




• 












oj 


pi • 




• 












•» 


•b • 




• 












u 


u • 




• 












<r 


sr • 




• 












p> 


PI • 




• 












•» 


•* • 




• 












u 


u 8 




• 












PI 


rn • 




• 








1 — 




pi 


pi • 




• 








o 




•» 


«b • 




• 








UJ 


UJ 


o 


O t 




• 








8 


Z) 


IM 


IVJ 8 




• 








H 


u 


m 


P) • 




• 








'N 


<4. 




•* • 




• 








— • 


> 


O 


o • 




a 








V) 




r— 4 


H • 




a 








u 


co 


p> 


PI • 




a 








* 




•b 


•b § 




a 








u 


z 


O 


o • 




a 








UL 


r~*i 


o 


o • 




a 








M 


<a 


m 


PI • 




a 








u 


UL 


*b 


•* • 




a 








u 


1 — 


u 


o • 




a 










U) 


CP 


cr» • 




a 


lO 






m f 




CM 


CM • 




a 


Z 






pi au co 


u 


*b 


•> • 




a O 


o 






oo r- o 


u 


o 


o • 




a 2 


HH 






r- acn* 




00 


GO • 




• O 


H* 






a * nOQ 


UJ 


X\i 


CM • 




a U 


u 


CM 




p^* * a^: 


J. 


•* 


•* • 




a cl 




* 




>u* 3*U 


K 


u 


U • 




• 1 


u 


Hr U 




IXHVJ* U 




r- 


r- • 




a t— 


X 


CML-I 3 




* l/MMXUW 


LU 


CM 


CM • 




a X 




*►“• V) —X 




* 2Lr-U.h- ^ 


K 


•* 


•» • 




a * 


K 


* u a ^3 




coo. aocjco 


<X 


o 


o • 




a U 


CO 


Ml* X * CO 




K-e?*UK* 


u 


sU 


sOO • 




a a 


a 


03 or uo 




o * * * < <-> 


u 


cm 


CM • 




a X 


u 


*- to X U.X 




1— U XU* QL 


<1 


•* 


► l 




a CPU 




30 HwXa: 




<auoruM 




a*oo« • 




a la 


IX) 


WUHZZOS 




*U*UZO 


UJ 


in 


ino • 




a era 


X 


-7* ZOUIm 




aXQXUCU 




l\l 


MMPI • 




a * O 


K~ 


«*UUJ* *Ctz 




JLU LL ULJX ^ 


i— 


►H 8 




a OX 




13* CM-JwCD 




OJCJXUIU -f 


z 


UOO •* • 




a OCX 


ex 


3lOUCMCU>** 




X* UJ* UU, 




0 <r rn4"U • 


Z 


a 1 x. 


u 


COOUJh-UCMCM 




ULJUCJO* * 


<1 


cmmcviucmcp • 


u 


a— -lull 


li_ 


OXUJnTK-CMCM 




OCX* CXUCt 


IX 


pi •» 


► ► ► t 


>-♦ 


aCJM~-S 








* HUMZZ. 


h- 


ooooo • 


K 


a2:M-CL 


co 


CX* h--*# M*vT 




OCUILUOL 


U) 


oK-cMCPCMcn • 


U 


aO^J 


UJ 


* in* aooJCMX 




JillUO 




K- CM 


MM * • 


z 


aU^UJ— >— > 


-i 


incpo* ohhj 




CO LL LL IL 2! LL 


U 


o **o *o • 


3 


aCLC^QXZ: 


CO 


^^030 • aa 


to 


X* * * LL** 


u 


ntooiAOro t 


ll 


aw 


< 


M“fO* CO* * * -J 


z: 


u-p*-cor w * + 




( P »-H 


r>»< «b 8 




a IL.O i ► ► 


M 


cnoooooox3UJ 


o 


-ft- sO J'Osfl/) 


c 


— rjoeMO • 


UJ 


ao + <r-^CM 


ex 


o aHjHXt^a 


M 


<rr^*o^“'0* 




**co **G0 • 


-> 


aiQ'T^ 


<*. 


a^sOX^OQ# 




vO a a a acX 


co 


OHomoni • 




8CXCLU 


;» 


U'HIVJUIM-J Jit 


u 


ain^m^ru 




• «o 


•*o •» t 




a <i<x 




U a 8 LL LL 3 


-X 


vf (J* CD 




UUCMOCMO • 


U 


• |) || || UJUJ 


UJ 


II II 2. 


u 


CP II II II ** 


u 


UJ U IW 


I'*wr e 


UJ 


a ecu. 


a. 


II II II II II u. 


LL 


II w 


z 


• • 


p> i'» • 


o 


IUU-LL<I<1 


i- 


3 3 U 




1) U CL U 


0 


“)5 r*' 


•* • 


X 


aCL 3 3 




5l/)COtOULL3 


h 


ctxcca 11 


LL 


b-wi-ar-a • 


u 


au.au- iJ 


UU 


couh -Xh^v) H 


V) 


QC *— » U- ^ 






sLJ VU 8 




au— i<luu 


t— 


UJUUUiX 


u 


uuu uuu 


“3 


U_ U_ i MMLJl') • 




axuu^jv.’M. 


u 


-JU.K ur-utu-x 


u 


UJOJU-UU«l 


UJ 




•*o •* • 




au.uiuu 


LL 


LLU<lU^UPU 






u 








a 


-5. 




UU 








w • 




ao 


U 








LL 




IM • 

• 

• 




am 

a 

a 


U 




K» 




r — 1 



uuuuuuu 



uuu 



uuu 



uuu 



77 



OOQOOOOOOOOUOOCMJOOOOOOOaOOOOOOOOOOOOOOOOOOOOOOOU 
oo O' o *-* cm o ) <r u \ vu r- co co o *-i cm m >r in nD r- a> to o «-i < m o ) >r u a *o o* co co o ^ cm o) *r u ) vt> n- oo co o «-i nj o ) >r 
u'UM^ooooooooooHHHHrtHHHHiHt\j(\n\ji\ji\ic\j;\](\j imcmo in >0101010 > 0 ) 0 )oi 0 W''rM'>T>r 




v ; </> v / u> cn </? co </) oo co t/ > oo 1 / ) co co to </ ; </ > oo v ; c/> co co co co co oi t/ ; co co co 1 / > v * to to 1 / > co co t/ > to to to co to 1 / ; to 1 / ; co 

ULI IU UJ UJ X» UJ UU UJ UJ UJ UJ UJ UJ UJ UJ UJ X5 UJ UJ UJ UJ U.I UJ UJ UJ Ul UJ UJ UJ OJ XI UU IU UJ UJ LU UJ LU UJ XI UJ UJ UJ UJ UJ LU UJ 1X1 

or cl cc ccolcccc cc xa aacsc xoraccr xxa xxxx cccccccccccccc xxxxxxxxx ex a: ex a xxxx 



9 





V 

• 




• 

9 

9 




9 

9 














00 

9 






• 




9 




9 














* 






6 




9 




9 














* 






• 




9 




9 














JZ 






9 




9 




9 














SJ) 






9 




9 




9 














XI 






• 




9 




9 














X 






9 




9 




9 










cc 




* 






9 




9 




9 










XI 




CM 






9 




9 




9 










K 




X. 






9 




9 




9 










<3 


o 


* 






9 




9 




» 










JS> 


NJ 


— Ul 






9 




9 




9 










<x 




— CM 






9 




9 




9 










X 


l-J 


— o 






9 




9 




9 










UJ 


1— 


9 






9 




9 




9 














— * 






9 




9 




9 




o 






UJ 


o 


CO — 






9 




9 




9 




z 






X 


o 


*H- 






9 




9 




9 




o 






H 


CO 


50 






6 




9 




0 




O 








Ol — 


t/?x 






9 




9 




9 




X 


X 




X 


HI 9 


UJ | 






9 




9 




9 




l 


UJ 




o 


r*iO 


X 9 






9 




9 




9 




»- 


— J 




X 


mo 


* *-l 






9 




9 




IX 




X 


*-H 






I'lO 








9 




9 


X 


9 j£ 




* 


Xi 




h~ 


0)0 


(M4»3 






9 




• 


IU 


91/) 


OJ 


o — 


cu 




z 


9 *— 1 


— mz 






9 




9 


-J 


©OO 




X X 






X 


* 9 


QUO) 






6 




9 


M 


9*— 1 


*— 


X -S 


X 




H 


* UJ 


wm— 






9 




9 


CJ 


9> 


z 


o ox 


X 




o 


— CD 


* 0)0 


o 




9 




9 


OJ 


IN 


>—• 


XXX 


h 




H 


*— • 


jC0)O 


0- 




9 




9 




•X 


a 


XXX 






X 


9 3^x 


comvi* 






9 




9 


•• 


9 JC 


LL 


* x»x 


z 




X 


(MOO Jt 


ILl • ► 


u 




9 




9 


H 


oo; 




cox* 


H- « 




X 


HILH/) 


X* SO 


h- 




9 




9 




•U 


UJ 


OXsQ 






XJ 


* XX 


4* * w 




o 


9 




9 


H 


91 


b- 


1 


co 




o 


X 9 CL 


— 


CJCM 


<r 


9 




9 


Z 


900"’-* 


<1 


UJX 9 


UJ 






u>x K/init/iuj 


OX 




9 




9 


H 


9* LJ 


h- 


<r_*co 


cu 




X 


CQU-Jr^lUh 


* 


o 


9 




9 


<1 






^rxo- 






X 


3 elU 


►CQOCh 


— oo 


b- 


9 




9 


CL 


etOO 




<r-JO- 






X 


H“ 9CD<fw* q: 


9 • 




9 




9 


►— 


930— ~ 


X 


^UJw 






to 


—03 




O* 


o 


9 




9 


00 


9*0-0 O 


a 


ct^O'n 


X 


2 : 


z 


\OH-cQ^X 


o* 


o 


9 




9 


z 


•H^ernz 




9*X 


o 


2 : 


< 


HO •* 




05 




9 


GO 


9 


o 


9QU-w #o 


>- 


O 12 




•> 


X 


0(NJH<UJK0 


CM tO 


— * 3 


9 


fr~ 


9 


o 


9# CJLL* O 


a. 


+ <ra 


cc 


r-J 


K 


* •O' 


— xo • 


9X1 


O' <1 


9 




9 




9 9X0*0- — 


_) 


Q>T< 


UJ 


W 




XXw 


4X0 


LUX 


f-l 


9 




9 


> 


•oaxiw o 


<i 


anuj 


OJ 




H- 


-C-J < 


O— * • 


3* 


• O 1 o 


9 


<x 


9 


H 


90 a^xoa 


X 


X 


2. 


<1 


<L 


(/? 9<l2L<r(^UJ 


90) 


UU'AU' 


9 


UU 


9 




• ni ii o;xu.w 


b- 


II II 4 


3 


X 


UJ 




xioi-wcn 


9 


h“ 


9 


3 


c Her. 1X0 


Z 


H 


z 


X 


X 


XOOXICOOD 9 «CUU)O0) 


• 


9 


to 


9 


<L 


MU CL II XX 


UJ 


XXX 




<1 




wUJVHJ (M3 


UU 9 


->o II o 


9 


Z 


9 


3 


9 aa 






X 




X 


X 


II zox u 


►— 


9 


CJ 


9 


OJ? 


IJKXX II O II II 


X 


XU |l 


X 




X 


JJ II 


■— |f |— 


_J 


9 


CJ 


9 


UJ 


■v;uu a. 


X 


3<l 


h- 


—J 


K- 








CL.U'Ci.CJ 


9 




9 




•xxxiviLrtsr 


r— 


LUuuixj 




^4. 




«IL<1'IUJU.UU.JU 




9 




9 




9XU.XX1XX 




uxx 


LJ 


o 


LJ 






l»-»ZO 




9 




9 




9 


LJ 




z 




z 








Q 


9 




• 




IW 


Z 




M 




M 






u 


sr 


9 




9 




• U) 


•— « 




X 




X 






VU 




9 

9 




9 

9 




9 

9 


X 

















UUUUUUUUUUUUU 



cjolj 



ocucj 



UUU 



OOOOOgOOOOOOOOUQQOaQOODQOOOUOgOOOOOUQQUQOO 
u ^ vt) ou cr o c\j ( n in vo cu ^ o *-h rvi f < » >r in no cu o n » ^rin su uj cr o 4 o i <r u ^ nu 
>r *r nT u \ in u > u un u ^ u > u > u \ u * su mj vu su *u o o v*j o r- r- r- r- r- r- n- r- r- cu cu co lu oj go uu 




co i/) i/ 7 co u } co co co co co 1/7 co c /7 go co lou kt cot/) u ) coco to to uo to go co co t/icocot/) to co to coco loco 1/7 

LU X LU UJ X LLi X UJ UJ UU ULI UJ UJ LU X UJ 11 1 X ULI OJ UU U J LJJ LU LL J LU X UJ UJ LU U ‘ U I LU OJ UJ OJ LU UJ UJ UJ X U J 

& &o:cl(x<x.cy<x && clcccx cx cr.ccc±a:oc(x.(x eta a cza a a'(xcr &ct:ccotCL(x cx cccr ololcx. 



a. 

x 

LLi 



LU 



C» 

or 

















Ill 


a) 




UJ 






















fr~ 


o 




fr— 






















<i 


»— 




<1 






















JV 






LL 






















<T 




























u. 


— * 


























U) 


— 




o 
























CD 




•— 1 






















UJ 


— 3 




K 












«>•» 










X 


— fr— 




a 












—1 










fr- 


CDiT 




CL 










CO 


UJ 












3 1 




LJ 










UJ 


OJ 




O 






LJ 


fr-'-" 




L/l 










LU 


3 




— 






z: 






cu 










<c 


fr— I'M 




•fr 








1 ^ 




<i 










<1 


-fr * 




•fr 








wuu 














fr- 


fr-* 1- 




QC 






UJ 


CL CD 




h 










iz) 


Xf-« X 




-fr 






h- 


X 1 




<1 












S.Q O 




• 






<i 


UJO 




LU 










CO 


* >-• 




o 






or. 


CJ • 




X 










UJ 


3 CD 3 UJ 




f— 1 








1 O 


C\J 












'X 


UJ^L') X 




+ 






or 




fr- 


IX 








XsO 




CQ^ — J -fr 




OJ 






UJ 


• -«- 


1 


o 








* S0 


o 


o—*fr a 




LT • 






LL 


HflJ 


• 


o 






LT 


m • 


<3 


f-»-sX ix 




xO— < 


— 




CO 


— o 


OJ 


>- 






o 


tMro»-« 


3L 


-fr QJC O 




• fr 


a. 


— * 


Z 


* fr- 


\ 


o 






X 


m o 


OC 


X 




fr fr 


W 


<1 


<d. 


0 0 0 


— * 






fr- 


• 


CM H ^ 


UJ 


OOO OL 


CO 


"ft- CL 


fr- 


“^L 


OC 


UUJ 


CL1»— ^ 


o 


— * 




(f-4 


m x 


X 


* OX * 


-fr 


fr-* 


<1 


•* 


fr- 


fr— LJ 


a^: 


*-H 


OJ 






mo jc 


fr- 


ji'-'ix m 


*— » 


l-H • 


U) 


<1 




o-fr r--«cD 




X 


<1 


-** 


• 2W 




COO# Xl/)Q 


z: 


cr:<r r~ 


fr— 


ro 


t— 


UJ fr— 


• CO-R- 


< 


1 


X 


fr— 


* X 


iz) 


UCinJO I 


CD 


o-fr- • 


1 


X 


< 


CD DO# »— lO 


21 




fr— 


a 


•fr — o 


3 


I JCM/Vtt UJ 


•fr 


cl r— # 


2 : 




LU 


m | < ic + -R- 


>- 


X 


CO 


i— 


:£>Ofr 


O 


mc\j 


JC 


•)frH * 


l-H 


■v. 


X 


ar3^xcoz:aJ 


a 




z 


3 


CO^JO 


t— « 


mo toj 


coo— i «<r< 


-S 


i\J 




+ COt-4-ft UI*-UUJ 


a 


*Jfr 


o 


1 


UJ 9 21 


or 


onnso-fr + c\j 


OXm-fr (X<1 


co 




-J 


oo^ccajjcaj 


X 


X 


o 


h- 


arm-* 


<r 


r-m • jci/ir^i— oca—** + ^ 


fr— 


O' 


<1 


<1*^00 <10^)3 


or. 


JL 




O 


-fr • • 




V'r-igM/JX^^^UCuaiNJUOCD 


• H 


fr— 


wtUf-Ofr-fr-fr— 


UJ 


o 


X 


fr— 


vOUJCsJ 




hltho • cc fr— nQ’R ar<5 


• 


moo 


c? 


V*<ICD ' 


(jcaa 


X 


o 


X 


(JO 


auoo 


UJ 


uuu \ * 1 II mo It *fr **HGU * I’M |l 'T • 


fr- 


• O It * ^ 


fr- 


X 


fr— 


OSJ' 


• • 


X 


«*-l |i X +a lUO •HO) 




— <m 




O II LU II 








— ’m 


HD t| 


fr— 


m • t— o^fr— o •— igt<c ii co 




U-‘ 


II CQ <1 II 




II 


X 




z 




inxaa^ 




O II II 


X 


II CD UJ 


fr— 


LU 




fr— 


ll o 


ii 


UJ 


ft II t/) LU 


l/) II 


It II II II fr— 1— 




fr— 


ajoaj ii i—O’ 


X 


fr— 


<c 


>— 


co 


•— 


O-S*— It 


11 CJ 


o-j«*uj 




OJOJ 


->h 


fr-' 


CJ 


o 


-u 


uu-u 


_ > 


JU1UJ 


1 UJ ( l UL> <4. UJ UJl'l 


C-J 


“J.r— L/)fr— LU UJIU 




f— 


o 


<IU 


.z:*— *x 


X 


Orcru.UxaLtii.<l<L<a<t<i‘i.uXa 




O^f- 0X00 


o 


o 


o 


u>o 




at. 












f— t 






z 




o 




LU LU 


LU 












LL 






►— » 




<4. 




I'- UU 


IU 


















X 




LU 




uuu 








UUL.) 


ooo ooo 



79 



pogooooooooooooooooooooooooooooooooooooooooooooo 

r- oo o f* ini r» ) >r u > su r- ou u> o «h cnj cn >r in hj r- ou tn o *-* cnj o in r- oo u> o •-« cnj n 1 >r in su r- ou o •-* cm m nj- 

ujououcru>tnc/'C7'U^u > u > u'Lroooooooooo*-<HfHHH»HrH»H^rH(\jcM(\j(\jivj(\jc\j(\j(\jcMfnnif i )mr , i 
,-4 ,-i ^ _i rH x »-i x x x x x x cnj cnj og cm cm cnj cnj cnj cnj (NJ cnj rsj cnj cnj cnj f\J cnj tvj cnj oa cm inj cnj cm cm cm c\j cnj cm c\j cnj (\j cnj cm < g 



u ) u) to to co i / ) co i/) co co co co co co to u ; to u i cot/ i to u ) to to u ) to to t/> u j oo co ui ui to co to co uj to to «o u> to to co co u> t/) 

U J X UJ LU LXJ UJ X UJ UJ LJJ UJ UJ LU X UJ X at X X UJ LU ID U» LU UJ UJ X UJ X X LU LLJ UJ X LU UJ UJ UJ X LJJ LU LU UJ LJU UJ LU UJ LU 

cccccLcccccccccccca.cccccccca: cc.cc cc cc cc cl cc cccc cc aa or: ac. cccc cc cccc cl cl cl or nr cc. a. cc cl a a. a cc cc 



• 

• 

9 

• 

• 




• 

• 

• 

• 

• 
















GO 

• 










• 




• 
















* 










• 




• 




— 












•H* 










• 




• 


























• 




• 




*-H 












CO 










• 




• 




*— 












X 










• 




• 




W 












ac 










• 




• 




X 












O 










• 




• 




H* 












■* 










• 




• 
















tNj 










• 




• 




UJ 












A 










• 




• 




1 












o 










• 




• 




— * 












* 










• 




• 




f— « 












n» 










• 




• 




H 










o 


— *CNJ 










• 




• 




w 










o 


— o 










• 




• 




O 










H 


— • 










• 




• 




K 






















• 




• 




*L 










o 


W—* 










• 




• 




X 










1 - 


UJ|- 










• 




• 




w 












*o 










• 




• 














o 


JKX 








— • 


• 




• 




— 






»- 




o 


too 








X 


• 




• 




o 






2 






X | 








CO 


• 




• 




X 


X 




UJ 


OJ 


— *» 


CL 9 








Z) 


• 




• 




X 


X 




H-» 


ro 


• 


O^ 








h- 


• 




• 




X 


to 




o 


f*l 


O 


+ w 








o 


• 




• o 




1 


2 




M 


ni 


o 


— + 








* 


• 


«x 


• JL 




o 


X 




X 


m 


o 


1 NJIM 








r- 


• 


LU 


• u> 




X 


LJ 




X 


O) 


o 


w(M^J 








X 


• 


IS) 


• CO 




o 


Z 




X 


• 


rH 


CUI' )2 








JL 


• 


2 


• X 


in 


X 


o 




a 


* 


• 


wn )0 










• 


UJ 


• 




w 


o 




o 


■R’ 


X 










— o 


• 


O 


• \ 


1 - 


* 








— * 


o 


jcni— 


o 


»H 




Xw 


• 


2 


•o 


X 


— * 


X 




a 




• 


oo «o 


H 


X 




cu>v 


• 


U 


• JC 


M 




X 




u» 


• 




X* rH 


H 


o 




O— 


• 


o 


• CO 


CJ 


rH 


►- 




X 


CNJ 


coo 


ac* >r 




* 




h-O 


• 




•a 


X 


K 






to 


r— * 


X3: 


o-s - 


o 


0>vQ 


l/J 


Oh^ 


• 


• • 


• X 




w 


X 




2 


* 


acto 


+ COsU 


h-CNJ 


0)\00 


X 


* O 


• 


CNJ 


9 CL 


UJ 


X 


M 




< 


-J 


oac 


— «Xw 


X 


r») • ph 


o 


LJ>< 


• 




• «* 


K 


hV) 






ac 


X 


• X 


('nac 


OO 


r*>roo 


2 




• 


h- 


• 2 


< 




co 




i— 


o 


cc 


^W(JUJ 


o* 


cn n 


< 


OQ 


0 


2 


• CO — — 


K 


XX 


X 






r— 


ooh-x-r- »— 


CX) 


(MOO 




* O 


• 


P— « 


• 3 LJQ 


CO 


1 1 


X 




*— 


o 


•cDr^Hn 


— * • 


• 2 


CO 


JCW 


• 




• CJ ZiC 




— 'T 


o 




< 


W 


• 3 


•HV X.ac 


•* 


* OOO 


•— » 


coo 


• 


Od 


• * OO 


X 


(\JX 


l~ 




LU 




OHnTsuj: 


o* 


* id 


CO 


XU 


• 


»- 


• o— oo— * — 


a 


K — 




— » 


X 


a 


oo 




OJC 


^—o 


X 


OX 


• 


CO 


• HO clclq q 




w^- 


X 






h-icOO ►< 


aDiuh- 


oto 


tOsO* 


cc 


wQ 


• 


2 


•OZ WW2: 2 




OX 


o 


3: 


ad 


o 


•cnj a 


►CsCOO 


CNJX 


UJsOD 






• 


o 


• ^o-ollo a 


X 






•» 


X 


* *H<ioa • 


•ac 


ad «2 


-J 


cnj in 


• 


o 


• *00000 o 


-j 


ZH 


cc 


(NJ 


h* 


O ■fr XO' 


w -400 


xo 


ocoo 


<x 


r- in 


• 




• Oci.a.xxu-—*cL 


<x 


XIX 


X 


w 


<i 


-£UJw 


— >■** • 


o* 


■H* •* 


2 . 


cnx 


• 


> 


• Owwcr.ac.wLjw 


X 


wX 


X 






UJ JC • < 


O'TCNJX 


• ro 


CNJX • 


ac 


xa> 


• 




• roh-K xo_oo 


H* 


4 * X 


X 


<1 


< 


CC CO-S<X X wO— JO I 3 ECNJQO— JCNJ 


X 


aju> 


• 


M 


• <L <1 II II X'-XO. 


X 


*-* 1 


-J 


LU 


X 


ciavjhMaj • •cNju/OtNj • •*-» 


X 


• H 


• 


_J 


• II COCO O LL 


UJ 


X "T 


2 


OL 


CO 


w| 


XXXCO CNJ 3 XX *XC\IZ 5 


»- 


O' • 


• 


< 


• t-K-OO II X II X 




X 




<1 






ar coo n z 


ac 


2 II 






• 


X 


• Jt CL CL 


X 


II 


X 




X 


II 


HO 


II OOO II o II o 


X 


II II 


• 


u 


• V) II II oxo II o II 


X 


II 


X 


—1 


X 




W_J_|J— W|- 


,W 


► W_£ 


X 




• 


LU 


• UJ oox X 


h* 


CO 


h- 


— J 


1 — 


»-KNJ JJUO 


o 


— > U> 


•— 


XIM 


9 




• U.HIVXXU.'TO^ 




u^ut 








a. < 1 , <1 x 2 X o x u 2 X X 




OCX 


9 




• OhhQLUXlXX 


o 


XX 


LJ 


O 


LJ 


OO^OOOOP-tOt-i ooo*-»o 


LJ 


xo 


9 




• 


2 




2 




2 












2 




9 




• o 


t— » 




»— i 




►-H 








o 


O CJ 


>H 




9 




• U' 


X 




X 




X 








o 


r-H IM 


X 




9 




• 


















f — 1 


rH *H 






OOOOOOO 1 


ooo ooo uuo 








ooo 



80 



OOOOOOOOOOOOOOOOOOOQOOOOOQOOOUOOOOOOOOOOO 

u > r- a.» o cnj m 'T cu o' o oj ( n >r u ^ >d r- co o> o t>j fT) nJ- in r* a » o' o n > 'T in 

o > r< i l o \ n I >r >r >r >r sr >r 'T 'J* ^uxMrun u ur'i u > u \ u \ no >o >u 'O vo vO '•u >o vo r- i^-r- r* 
ro c\i cvj r\i rvj rvj r\j c\i c\j c\j c\j c\j c\J oa eg (\j eg c\j <\j c\j c\j (\j (\j (\j c\j csj <\j ou c\j (\j rvi <\j cnj (ni (\j rvj c\j rj c\j csj c\i 



COV)tOCOt010COCOCOCOCncOCOCOCOl/)COCOtOCOlOCOI/)COCOCOCOtOt/>tOtOt/)COtOlO<OCOCOOOCOLO 

uj iu iu uj uj uj uj uj ujx uj x uj uj ujuj uj ujwujuj lulu lulu ujluujujujujujujx lux xlululuuj 

O.&. <x occzcr cr czcx &cz rxi& czcr QLCX-CZU-tt (xcccria: aL(X(X(x.cx.a-ixa: .cc ct <x.o: ccocoto-cc 



LJ 







UJ 












cn 

* 




K 












* 
















— 




UJ 












H 




—i 
















•— 
















— 3 












U_ 




O 




























»“ 




a: 




X 








* 




U! 




t- 








(\J *— 




h* 


0 


<1 








* LJ 




<L 


QJ 


CL 








* a. 






* IM 










x O 




<X 


UJ • 


CL 








H-* CJ 




LU 


OJ * 


u< 








X X 




CO 


ZD * 


X 








# Of 






h- — * 


CO 








X. 1 




UJ 


U» h- 


z 








1/3 O 




X 


X -J 


<t 








ZD o o- 




h- 


+ UJ 


oc 








X • x 






• 0 


t“ 








* ^ O 




<K 


(\l O 










X 1 X 




LU 


- V "V 


t— 






U' 


JC X OC 


— * 


b- 


— — ■ CJ 


<i 






O 


1/300 CJ O'— 




<a 


ZD H- U. 


X 






X 


XX 1— X* — * 


GO 


cl 


•- 3 x«-* 


X 






• 


X* •-* X •— < 


* 




Z tJ X*£ 










GLHUa NOh 


<4. 


or. 


CJ -£ 1— * CJ 


CJ 


r-H 


t— 


'V 


*2:.sx 


X 


UJQ- 


| _! LU* 


H-1 


X 




'*•* 


tnxoo'v •Oll 


X 


X X 


— w qcj uj cm/) 


X 


1 






O'* CL CO XXX 


0 


IO XI 


m a. 4- ♦ —JO *— 0 


<t 


ir> 


<1 


ui 


nMSTXQX 1 CJMO 


w 


z:h 


a^xozzjoh^ * 




X 


O' 


CL 


mto* xcl 2:rn»-i 


Z-J ^ 


< 


CJi/>UJ **-*«-»<** — IOUJ 


> 




K 


O 


>003^11 OH> 


r-«CD • CVI 




+ cjo^ go 


0 


* 


10 


1 


• JWOJX- CM * 


xoou r- 


1 — 1 


LJO | </)</>(/'|— CDQOUD 


a 


X 


2 




U'XXr- 1 •HCtsT-R- XCJ 


CO|— ^ • U > 


<r 


OJ\CJCJt— t— 1 4-XCMt— 


2- 


X 


X 


UJ 


•-to x <r 0 1“ 0 cc aj u- 0 x •— 0 co *-< 


K -3C 


— *<1 «xxx^«x*r^c# 


or. 


LJ 


CJ 


CL 


U-Oyja^t OtUXXCQX* CD ^00 




^H-XX #CJ 


LU 


X 




CPO 


II |)U>XUU.f-tt1fUWN 


, | LJ* *-* • 


UJ UJ 


• CJW 11 II xcu 


X 


ti- 


UJ 


CJU' 


•xclocxcmx^X'-ho • 01 


JLCO 


X * It II 4-11 It 


h” 




X 


PI 


n cr xxaj •lx-cjcui— xm ti 


ZD 


It Hlilh ft • 




ll 


H* 




CO j£ tl 


11 


UJK 


tl CDOJ-J_jl— 


X 






II 0 


xco-* ti it li it it 11 ti it 


n 11 11 <*. 


X 


X XX-JXX 1/3UJ 


X 




X 


t— 


_j 11 / ) 0 


XtM 


t-o : 


<Lh~ II h-Jfc<CLUU_ II CJCX 


i— 


LU 


t— 


X 


LLU.U^a.UJUUU.OX>U^ JXXLL 


UJ 


X^. U>riUX U 




LL 


X 




cj l) x x a, uu on tu uj cu tu uj aj cu uj cj cj 


X*— 


CJ CJ LJ CJ CJ 1— CJ CJ CJ CJ CJ 


X 


X 


X 


->o 










z 




2. 








MJ 








X 








«-u 




LL 




X 





uuuu 



uou 



OCJCJ 



oooooooooooooooooooooooooooooooooooooooooooooouo 

gjf*-xc/'o^ivjn iNru^gjr^cou^o^ojiM >^ui>or w oocr*o*“gcMrn'Tingjr , “ , Gou'0'“givirH vrin gjr**co cncj^csjoi 
t^-r-i^-r-ao ujoo oowooaoa>Gouuu>u'y'U'U'U'u > tru'U > oooOOOOOOO»H'-<»-<'H»HiHfH«HrHrH^rsj(\i(\j 
c\Jcg(MCMCM«MCMcgojoj(MCMcuo4(MiM<\j<vjogiM<vj(MCM<vjcncnmmcntMcncH<^cncnmcMcncnrninmrncncMcniMrH 



co co v j co i/ i co i/i co to i/3 u > co co vj co v > on </? to i/ t m v ) co v ) co tn u t co t/ > i/i co co v ) to co i/ to co co cm/ ; to v ) co kd co co 
uj uj uj uj uj lu uj uj x uj ai uj u j uj u i lu tu x x uj a i uj uj x m lu x uj x x lu x x x iu uj x x x x x lu x oj uj lu uj uj 
xxorxxxxxxxttxxxxxxxxxxxxaxorcxxcr.xxxxxxaxcrQrxaaxxxxiLx 



• 

a 

• 

• 

a 

a 

• 




a 

a 

a 

a 

• 

a 

a 




















• 




a 




















a 




a 




H 
















a 




a 




r— 
















• 




a 




*— > 
















• 




a 




X 
















a 




a 




t- 
















a 




a 




Z 


X 














a 




a 




UJ 


LU 










o 




a 




a 




1 


CO 










X 




a 




a 




• — • 


z 










X 




a 




a 




«— 1 


X 










* 




a 




a 




K 


LJ 










CO 




a 




a 




w 


2 










gj 




a 




a 




O 


LJ 








V) 


r- 




a 




a 




t- 


O 








X 


o 




a 




a 




z 






\jy 




X 


r- 




a 




a 




LU 


X 




X 




3 


r-H 




a 




a 






X 




X 




X 


• 




a 




a 






t— 




u 






— | 




a 




a 










X 




o 


— gj 




a 




a 




o o 


a 








X 


< CVJ 




a 


h— 


a 


OJ 


Z CL 


z 




o 




M 


U) r-H 




a 


3 


a 




o x 


<i 




X 


cn 


o 


* gj 




a 


LJ 


a 


CJ 


o X 






X 


o> 




>T •— 1 




a 




a LJ 


z 


CL | 


X 




X 


Ol 


X 


IVJ • 




a 


UL 


a j. 


<a. 


1 LJ 


X 






o> 


X 


HI f-H 




a 


UJ 


a t/j 




I- U- 


X 




X 


IM 


-J 


OUw 




a 




aXV) 


to 


X o 


♦H 




X 


Ol 


►— 1 


ivJX* 




a 


O 


aJEr-i 


in 


* X 


U 




H 


(M 


u 


•xo 




a 


CL 


• </>> 




O • 


X 






• 


X 


^ I 




a 




• CO^ 


cn 


CL * X 






X 


* 




1 ~ar 




a 


1— 


• HU 


t— 


X — JL 


X 




o 


* 


X 


"JQtO 


o 


a 


LU 


• >j£ 




ao^a 


X 




X 


— ■ 


X 


* (VJCVJvT 


in 


a 


Z 


a^C/> 


M 


XO.HX 


h- 








K 


* <rco*-H 


r-H 


a 




• IC 


o 


erXK-LL 






a 


• 




l/l 




a 


• • 


ajCX 


CL 


* 0*-*X 


z 




X 


IM 


X 


UOHO 


X 


a 


cn 


a CO a 




CHILL* 


HH 




X 




LJ 




1- 


a 




• LJ* 


UJ 


OQC 






*-H 


* 


X 


7T • 




a 


•— 


alj; 


H* 


1 VZ H 


</> 




Z) 


X — 




• XCsJO 


o 


a 


Z 


at X.CO — - 


<1 


uJXlii • 


X 




CJ 


UiH 


LJ 


'Th* | O 


LJ 


a 


HH 


a* 3 CJ 


h— 


| CO 


X 




X 


xx 


X 


g-H^ 




a 


<1 


•^u z 


LO 


NrcL—r- 


3 




X 


3 1 


cc 


r-HQCL* — * 


—in 


a 


or. 


• t/>* CJ 




sfOCNJO- 


h- 






K— OJ 


HH 


^30 • 


• CM 


a 




• DQ- O 


h— 


'TlUh^ 




* 


X 


^1 


3 


\ XO 


O • 


a 


co 


• * ►“•O CL Q Q 


< 




X 


XX 


X 




O 


H^ao 


0*0 


a 


z 


•HUZ ^zz 




•*u>x 


a 


XX 


JS. 


CO^* 


X 


zo+o o 


o* x 


a 


u 


• O* O^tLOLJ 


>- 


NO 




r- •» 


o 


• OX 


X 


CD • O' CVJ x 


mj(x 


a 


o 


•* aUUQuU 


a 


+ 'Tza 


X 


—•CM 


X 


* * JC 




* OCVJ «-^X 


• cn* 


a 




a aO<-LLL J_CLlL-* 


-j 


CJ "TLiJ <C 


X 


w w 




* XU 


X 


CVJ aU>h-c/3* 


HUJsr 


a 


> 


• oo^«a^o 


< 


CL Hwui 


X 




X 


XJJ 


X 


* LUQUX'T 


3X • 


a 


h- 


• OrnKh u-oau 


X 


+ X 


3L 


<L<a 


X 


JCCOX 




* 30 ax aQ a\| O 


a 


w 


• HI 11 XX^U- 


h- 


It 11 H -f 


-J 


LULU 


t- 


cox 


a 


►i a UN | 


gj^CPiMgJ 


a 


-J 


• 11 COCO LULL 




X H 




XX 




X CL II 


Q. 


LJCJ*— K/l • • r-4i/) u ^ »— 1 


a 


< 


• II 1—1-0 11 11 xx 


u* 


XX I 






X 


CL*-* 




X lU'OH 


XX • 


a 


3 


• 3 CL 




JCI 11 


X 




z 


X* 


X 


It X It OfH 


ux • a 


a 


lj 


a Jti/) || It LLXX 11 tl 


LU 


au ii 


X 


-J— J 


H 


II II -*> 


X 


^ w i, ,_w it h- 


a 


UJ 


a colli lJclll 


X 


3<LLO 


1— 


33 


X 


X 


1— 


LJ X It 


ti 


a 




aLUUL*— UMXU-LJ'T*— 1 


r— 


UJUJUUM 




•<4.^4. 


X 


IVH> 




XXXU. XXX XLJ 


a 




a CL LJ h- 1— csr, J. a- X X 




uxxx 


X 


ljlj 


X 


A>CL 


X 


QCMCLIMIL^U^LLLU 


a 




• 


LJ 




z 




h- 










a 




au 


Z 




M 




LU 




*— • 




o 


a 




aiM 


*— i 




U- 




X 




LL- 




ST 


a 

A 




an 

A 


X 
















r-H 


(JUUOUUU uuu xljx XLJLJ 


» ooo 





82 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOPOOOOOOOOOQOOOOOUO 
in o s— aj o cm m <r u o r— ou <j> o »-h cm n i >r m mj i— uj on o «-h cm m <r in *>0 r- ou u> o «-* (M o t <r u \ r— cu cr u> •-< 
cm cm cvj c\i cm rvj cn m m m mt e e <r mt <r ■'T sr vy m u ^ m m uiinmmu'\mvuvo v O v O N >u > U'4J v 4JvU'4j i— r— 

mmmmmcMmmmmmmmmmmmmmmmmmmmmmcnmmmmmmmoirnmmmrnmfnmmmmm 



c/j oo ts) u) \j) {/) \n u ) ui oo oo \n oo oo i/t to oooo to \j ) ooc/j oo oo oo oo to ooc/ > oo to t/) to oo co oo oo co oo to oo oo oo oo to to co oo 
UJ UJU! Hi LU UJ LU UJ UJ UJ LUUJ UJ UJ LLJ UJ UJ UJ UJ LU LULU UL1 UJ UJ LU UJ UJ LU U J UJ LU UJ LU UJ UJ LU UJ LU UJ UJ UJ UJ UJ LU LL 1 UJ UJ 

cr cx.cf.ac cc ex. cccc. cr nearer cl cl a cldc or cl cc cl cl cl. cl cl cl cl cl cl cl cl cc cl clclclclclcl clclclcc or. cl er ne a 



OO 








* 




UJ 








t>H 




CL 








H 




* 








1 




*•»* 








LU 


UJ 


r-H 








in 


*L 


1 








<r 


UJ 


UJ 


UJ 






r<) 


1 


m 








LVJ 


o 


■y 


cu 




— » 


• 


X 


CM 


1 






CM 


u> 


IM 


o 




a 


1 




0 


iX 




X 


CM 


o 


4 NJ 


t 




or 


■* 


►—« 


1 


»— * 




UJ 


■ft* 


UJ 


rvj 


UJ 




Hr 


Jt 


X 


* 


X 




au 


oo 


-J 


Hr 


-J 


«/j 


MJ 


UJ 


CD 


JC 


LU 


a 


I s * 


nemo 


CO 


CU 


2 i 


nx; 


CJ* K JK 


Ui 


-J 


-> 






ex 


K 


UL 


r*H 


UJ JC-fr CL 


* 


•fr js. 




e 


UC/MLIU 


UJ 


UUU) 


CJ 


1 


1 


LLICJUL 


cjm-ft- a. 


(X 


NU 


ujcx uj 



l * «ll 

UJ* 00 LL 
03 ^I.U 

cMoO'-'v 

(MID* h-» 

mcr — 



HH l\J 

uj -« 

O 

or *-H 

uu • 

00 »H 



vUUJ • X 
(M* OJOO 

(\jcr-ro 

innw^ 

OI#h 

tOi^ 2 T 



□J II OIK' I/) 

II * _JCL 
-M.LJ * UJjfc- 

-JiXULXCJCL 

f-H 

V UJ 

U I MJ 



UJ 

Z 

•-* 



LJ w II K w II KUJ |1 00 — ILL 
_i.UJ CJ UJ i-UJ UJOUX 

U-^U-U-^.LJU,U-^UJ-JiUU-OLL_lU. 

ujuj*-^u^ujo^oujujujujooju^oj 



IX 

X 



UJ 



UJ 

UJ 



UJ 

U' 



o 

UJ 



X 

CO 

CL 

X 



JZ OH CMOJ 


z 


w 




3 onrnfMO 


UJ 






X 


c/J •U'i* ■«■ 


UJ 


* 




l/) ♦Ln* -ft” 


21 






o 


LU OOrH-ft LU 


CmJ 






UJ ^ 0 1 * LL 


♦— » 






1 


cr f 1 js<a 








cx- t/)Hr j 


OJ 






u_ 


•M- 3 CUJCOK 


O 


cm a: 




O UJ «O 0 LU 


ac 






s. 


sT OOOlO-J 


U) 


* UJ 




* o:hjq 


o 


— * 




CL 


UJ LUO'-'UJ 




* +o 


o 


<r o i oo 


H 


OO 






1 ocm-fro 


UJ 


oo(Mr^* 


UJ 


O * > 4 - — * 




m 




CL 


UJ -It- 


X 


aco-< 


H 


1 0 <r* * rvj 


UJ 


X 




1 


movt « 3 t:oo 


H 


or- 




ujxo* o* 


X 


I 




X 


niXOHt/)# 




-'HQ 


o 


moe i ^^* 


K 


-t 




LO 


C^QC 1 1 UlM 


QC 


* inh 


K 


moujooooo 




X 




X 


rn* ul'vTX.* 


UJ 


• « 




m* ooluoi-h 


>• 


w 




X 


r»)>raj* a.* 


UL 


<tcmo 


a 


m^mcrio 


QD 


* 




X 


oi #m* * »-< 




-I- 1 o 


o 


m •<rocr* 




IL 




1 


t | 


O 


Hw 


m 


IM | r-H* * JC 


O 


-X 


K 


ex 




UJ 


^* — 


— CM 


#cr— m^roo 


UJ 


O 


-Z 


X 


i or-uj 1 jc 


Q C 


\D • 


• • 


mo ihod 


O 


-1 


M 


CL 


KQQ 9 QCUJO 0 


t-t 


HIO 


0*0 


1 X-H 1 1 O 


»-♦ 




<x 


H* 


vozh^ mo 


z> 


ZQCO O 


o* x 


r-o i ujuj* 


> 


* 


ac 


LU 


sO< I mm* 


a 


ooo x 


O *CC 


'OUHO'mm 


c 


ae 


H 


z: 


oj^Hcom 


UJ 


* 4 -CM 3 Q: 


mooo 


^o*o>om>o 


CL 


o 


oo 


1 


0 * 0 1 KO 


QC 


CM O' «000 


• UJ* 


sO aj I o> GQCM 


Cl- 


K 


2 T 


QL 


oo | UJOCNJ 




* CM K LLJ* 


H-cr-'T 


MO vTLULnf— o 




X 


O 


o 


^vriuon %o 


ex. 


* CMJQC'T 


-JO • 


MJ t CD to • 


dc 


X 


O 


K 


t-4 •C 0 O*-* • 


UJ 


UO «0 • 


• N | 


t + >tcm #<r 


LU 


UJ 




ex 


+ < ru' 'T 




mO^N I 


O jTCPCMO»-HCMCn -}-*-4 


X 




LU 


iO 


II LVIOPUI II 


LJ 


uj • •w'vn^aivr u^osjm u 


OJ 


II 


X 


CL 


mcM # n 


CL 


HUJvJJpHHtUU «*-H || § •* M 


Ol 




K 


wm 


< • •CVJU- 




II an 


a: • 


-H* 




CL 






uj -h + < 13 : 


LU 


HO II OO II 0 < *1 JCCLt^ 


UJ 


-J 


Ul 


tl o 






00 

H 

z 



<L 

cr 



o 

o 



e 

3 

u# 

UJ 

21 



CM 


oz 


h- 




— 1 


ax 


02 


Ooo 


CL • 


LLK 


wX 


—o 



h(/)Oh I O 

cyicomoo^moo 

K K K 

ii o no 

II K II K II 
— I —I 

l VI < 1 OJ UJ ^ 



o 


UJ 


UJ 


UJ 


•— « 


IV) 


CM 


CM 


CVJ 



uuu 



uuu CJUJUJ 



uuuuuuu 



•< 83 



T ( FCQKD I 



OOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOUO 
oj o 1 <r in gj o~ uj to o x cvi o i >r in 4j r- x> up o x < m co 'T in gj r- co cr» o x 04 co <r in gj o~ co co o x 04 o i u \ no r- ou to 
r * r wp^r-p^f^r^j^.ujcoGucJuajojaJODajoucnu^Lr‘U > U'(jr>u'U'C/'U > < 
oicooifOoio'icnoicooicoo)cococncooim(Ocooicnoicocoo)foo>^<r ,| ^ ,, < 



is)wu)V)v)K/)U)WV)w{ J nuiLnv)v}Lnv)Lnv)ijn<jn{jnw{/iLnijnis)ij)inu){siu)ijnin{siv)V)wu)i J nts)in{s)Lr>vi{jniJ)i/} 
UJ UJ UJ IX UJ LU W J LU UU UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ ULi UJ LX UJ UJ UJ UJ UJ UJ 111 UJ Ui LU UJ UJ UJ LU IJJ UJ LU LU UJ UJ UJ UJ UJ LU 

(x.cz&cza (XQCccec.a:c£cx.(XGcc£C£a c£cz<x.c£(x.c£a eta ql<x czclczqc (X-a:c£.acecccor ccoca iX-ctGc.QLa.CL 



h- 

X 

e> 



z 



UJ 

X 

* 

£X 



II 



CJQ. 
X w 
(XH- 
* <3 
co</) 
Oh 



>T 

4J 





X 










• 


O 












*— 


— 1 1 




IU 






-j 


X 






O 


X 












5 : • 


O UJZ 


s: ® 


•* 






IX 


aO 






H 


X. 


• 


• 








510 


0-</)04x 


ro 


m 




<*“* 


CG 


3 


in 








0) 


CO 




to 


to 


•*© 


wQ(\J^ 


HD 


II 


CJ 


o 


X 


H- 


eg 


tn 


— * 


• 


1 


1 


%/) 


a oo 


u 


xo 


LL** 04 tO CD 


040 


X 


an 


CO 


f— 


X 


• 


04 


• 


04 


X 


X 


o 


o 1 


1 


wH 


O^C-HU 


vH 


«z: 


w*— 


o<r 


1 


1 


1 


• 


04 


1 


LU 


CD 


1 


t • 


• 


\ 


X t*4-CD»— 







KIO « **0 §o #OQO | o I OtOOCQOXO ®0 lO^O^O^woa • 
^i4u'x>ucocjU'tJVJ'HHcn*-«Lnvju'cjcn_jcnr~ u'uiu'u^u*uicoui<j'uj^.lp ii oi n cucolm^u'uj 
i/ih-ro i ^cri>rcn'TniocnQcowrn~cni~cntjroo4covrrnr-Hcnxcou-GQcn ti + cxoixocox 
*- <1 KOCU OL ZZ 

it a it aia ii o n o ii o n a ii o h a h o u o h a « o n o n o u aaiau 11 o n o*~*cz 

ii h- h- fr- h- h- h- •— h- r- •— i— t— -J ku.u 

X XX X.-JXX—JX.JXX.J— JX _jx <_)*-« H 



<a 

x 

u. 

LJ 



cj 


o 


U 


OJ 


OJ 


«J 


OJ 


CJ 


OJ 


o 


CJ 


o 


CJ 


CJ 


CJ 


CJ 


CJ 


CJ 


Ol 


NT 


Ui 


4J 


1^ 


UJ 


U' 


o 


r- i 


14 


Ol 


sr 


u 1 


4J 


r*“ 


UU 


CP 


CJ 


04 


l\J 


IM 


<\l 


04 


04 


04 


oi 


Ol 


Ol 


O) 


Ol 


Ol 


Ol 


Ol 


Ol 


Ol 


"T 






84 



QOOO 
Oi-Hl\ICO 
IViCsJtXKM 
'TNr<T'T 
h'HHH 
v;co</i to 
LULU LULU 

croc or- a: 



<*p 

a. 

r- 



LU 



-J 

o 



> 



K 



<1 

CL 

K 

O 

o 

> 



<r^> 

• «H*4 

vO 'Uf— 

UJUIU? 
•» »»tiJ 

• • z 

11 II I 

DQZ 
^ IQ 
Lucr 2: 

o 



<1 <<1 
ii-t- 
ULULU-LJ 

LLU.wL.LU 

wuu 

i-ilVPI 

'T'T'T 



85 



SIEPCLTINE READIN 



000000000000000090000000000000000000000000900000 

^Hpvjn)sruAvur^-auu'0» , H^H)<ru>'i;i > -aju^O'-'c\jcn<r u '^or^* u - , crc?-Hc\in)vru^v4jr-auu'o»"*(NJn)<ru>vor^cD 



□UaaUDUUOUUQUDUGDUUGUGUQQUQGQDUDUULIQUaQUOQDDUUUU 

<1<1<1<1<1<1 <1<X<1<1<1<1<1<I <1<1<X<1<1<X<X<1<1<X<X<X<1<1 <X<X <Xd <X<X<1<1 <J. <1<X<L<X<1 <Kt<J.<3 <1 <l 

mmmmmiuLULU mm m turn m mm lulu mmmui turn lu mm lulu w lulu m mm lu mm luuj iu lulu uj lulu lulu 
or a. or an mar cLacaccLar ccclqc cl or cl or a a: cr a: or. a: a: rx ct cx ac cr a: cr txcc olclcl a aixocQiocococaior.tx 
03 a. 

Mh O HO 



LU»H 

la 

►o 

t/> ► 

X-J 

•*00 



(/> 

u 

2 



LJ 

2 

<X 

V) 

h- 

2 

<l 

h- 

to 

a 

3 

> 

CL 

<1 

l/) 

V) 



LU 



2 

►-* • 

cc 

I^LU 

QH 

<l<t 

cl< 

UJ 

•ut/> 

2 : 

HU- 

hO 
— I 

a</> 

(X LU 

cd*-h 

3h- 

*/>CL 

UJ 

V)LL 

«-«a 

xu. 

h-u. 



lllh 
hoju 
23 ► 



UL 

Jfc 

2 

CL 

3 



00 

LJ 



LJC 
►3 
X3 
<X ► 

000 

►LJ 



l/>3 
LJ ► 
►LJ 



► *»M 

r-tlOLJ LL LL WL- 
LX ► ► ► -S-X 

23LJ o LJLJ 
►CJO -> ► ► 

2 ►O <1 J~nT 
*-oc ► uj ua: 
•*<1 2 cl <10 
X.IIJU ► tx ► 

►-J ►LJ X ►<' 1 

23X*-*<1 OJLL 

► ►L J22 XU 

-*M»< ►O ► ► 
OUXW ► JCOsJ 

O ►K- 2 LL to CL 
—■a ► ►z 00 

►OCOXhh X ► 
O ►K'LU3 ►*-• 
OXUU ►H'LJCL 

HUK2^XXU 

<XI-H ► ►UJ-JCUt/) 
►CXXXCLIXCOCX 

— ►<< ►O CL mi 

OXiii ► ► ► 
9<M— 2l/> JK3<1 
—•SIX ►3t/)0lX 
— wx ►z ►xarx 

*»3 ►J—LJ-SCL ►<. 
►IU3X2003>T3 

nooo*: ►00a ► 



o-^ ►<t3LXJCeg<l 
►o<icd 2 ►to on CL 
xo^ ► HXLU ► ► 
| ^ #Ot/) jCCLt-ICU 
<HjhOOU0CD 
wX>0 **3 ► K 
CO h^U.2\Z 

*xx<x V)f- ► 
-Jiuz H — <31000 



►0 


LJ 


X 


►3 










LJX 


*» 


M 


33 








*- 


-*LU 


0 


J < 


OJ ► 








1U 


t/J LJ 


X 


to 


3LX 








2 


LL ► 


3 


I— 


1— LX 








iX 


CL CL 


•> 


3 


1/HU 








3 


►3 


LX 


•» 


3 CO 








► 


xaj 




3 


►> 








f- 


XX 


LX 


3 


h-t n 




3 




LU 


unu 


3 


<1 


3 ► 




□c 




2 


oca 


LL' 




J-X 




h- 




X 


ex ► 


a 


1- 


<*/< 




IO 




CD 


►0 


•» 


•* 


3X 




► 




► 


02 


tx 


r~ 


►3 




— * 




r— 


JfcU 




3 


► 




CM 




H-l 


LOLJ 


3 


LU 


OCX 








CL 


XX 


<1 


O 


1-3 


h- 


r- 




3 


LJ U_ 


LU 


► 


3K- 


O 


3 




tx 


► •> 


X 


CO 


►or 


r-h- 


3 




► 


iC) 


•» 


CJ 


m 3 




?; 




2 


-2tL 


LJ 


J * 


(xa 


to ► 


► 




►HI 


t/)i. 


<1 


to 


3 ► 


S3 


— 






iC LX 


UJ 


r— 


»— JL 


►U 


tvi 




ui 


LJ ► 


X 


•* 


»-to 


sUfH 


w 




K 


►3 


•* 


OJ 


3 LX 


33 


gj 




3 


LJtt. 


ex 


3 


►LX 


t/;3 


3 




► 




<1 


►- 


a ll 




toi~ 




2 


too 


1- 


3 


2IUJ 


► ► 


S3 




HH 


IOX 


3 


UJ 


LU ► 


in 3 


►U 




X 


MX 


UJ 


a 


h CL 


32 


— H- 




to 


> ► 


0 


•» 


^3 


eg too 


C\JLL« 




h- 


►cc 


•» 


3 


►H- 


t-szo 


^2 




OJ 


1J 


LX 


u 


LULL 


•* ►*♦ 


in ► 




► 


JtUJ 


*> 


JL 


COU- 


•hst ► 


3t— 




X 


cos. 


u 


to 


HU 


i— 33 


torn 




X 


torn 


X 


H- 


i- ►m 


►3 a 


22 




h- 


► 


QC 


•» 


(/)IULV)3Im 


► •* 




3 




► 


2 


3 2UJin **3 


— *CL 




► 


►M 


3 


HH 


►auxmuj 


eg 




X 


00 c 


X 


3 


com >■ 


► 3 ^ 


^CL 




3 


3:0 


►oto 


uj lx 3 in to ► 


^ 1— 


lO 


M 


to ex 


UJ2h- 


GQUJ ► 


isa 


3UJ 


3 


X 


0 ► 


XOGD 


3 t- 


► ►s 


32 


t/) 


h- 


Xh 


CD 3 ► 


h-zoiNteja 


2 ► 


2 


► 


CLUJ 


►LX 3 


OV)2XOU 


►3 


► 


CL 


►3l 


CL 


►a 


►ex ► 


►CO LX 


CL CO 2 


eg 


3 


XX 


►Ul*— 


33cmiegi_^o 


1 x 3 ► 


3 


3 


iCQ 


ex X — 1 


LUCXOJX ► ► 


<lt/)CU 


to 


3 


V) ► 


►3 LU 


CU **3 


Mcr.hUJlJ 


2 


► 


o»- 


C> 


►a 




^ *i) 1 


CL ►►- 


► 


CL 


XLU 


CXO 


KJOX^aj 


<Xt\J2 


^-1 


< 


cl sro : 


E\ 


0X3 




3 ► 


3 


LU 



J\V)U 



X2V.0CO: 3 

VUU^UXh^CL^UJSNUJJXD 

<iaujhUJow<j;a ►xto ►a.3h- ►ojukuj ►*- 

iu<xq ►o *v)D‘/Hjuiuxajui<i[r ►3t/i>c/)t/>ui^2 
Qrx^Ka-jjKiu ►xajtcjocxujaujx^>MU»Hxo ► 
t/)XJ<3LXt/)CL33mt/) ►CX3t~3 XCX t/)020 X t/)003 
HJ\U\ 3 ►X.CLtJ'V. *>\ ►'<*— CXX.V^'V 'Ol X 
H-I 33 3 Of LL h~ 1X12 GOOD 

uzz> ►zxzzwz ►XZJZDZZu.zzZZZttt 

i-« OO <1000 LJLJ ►3UXLUOUJOOQ ►^QQQOU 

►X332.*02lLJSJ*X 3 ►XXXX2- r l3 
►3S-*x<i ►-s.t// ►s_3xt~2m->i.i_;t2x<*<L 
JB-LJLJf— ••uuuuuuauu ►333CLUJVU00331XIUU 
HUUXXUI LJ ►h-tJLJCt 31X3 ►O CJCL33333 CL CL 
P-l ^irsj r-fCM *-H H 3 CM 



► (X 



to 

x 



LJ 



UJ 

2: 



1X1 

► 

-t 

<0 

CL 



LL 



LX 

LU 



r- 

0 

to 

x 

► 

sO 

LJ 

V) 



try 

3 

to 

2 

•* 

<r 

o 

to 

X 



LJ 

or 

LJ 

X 

LU 

3 

► 

LJ 



LJ 

z 

o 

X 

Ui 

r_J 



uj 

X 

u • 

3 

•» 

LJ 

or. 

•— f 

LJ 

X 

LX 

► 

3 



X 

► 

CJ 

2 

CJ 

o<r 

2 LL 
LX ► 
►<rcx 

clocu 
3LJ<1 
00 ►UJ 
Sh£X 
X X<X 



o 

eg 



o 

m 



9 

>r 



o 

in 



o 

NO 



000 

r-m>r 



in in tn in m ininm 



XJ LJ LJ XJ 



cl or.ctoc 



LJOOLJ 



LJLJ 0 3 3 3 3 



3 



86 



QOOOOOOOOOOOOQOOOOOOOyOOUOOOO 

o rn <r m vu r- oo m o -ncg o 1 >r u > sq r- cu cr o ^h«m o > in >u r^ 
-r in u mt\ u a u mA a \ u \ u ^ u ^ ^ >o vo \u nu >u v(j vu \u o r- r- h- r— r- r- p» 

POQQUOQUDUOGUDUQQQUPUDDQQQOQU 

LLH.^,iyj Ll ILL! tjiLUHM 1 1LL» LLJ LU LLJ> ULU I p UjLLiUJIJJLLm 1 1 1 II I m ILl-ll I 1U-H 

cx (Xaz a cl ctcr.cxccuL qlqcol or cl cl ctt*. cx a- cx cc era: cr cl cl 





nmi 
it -fl- 
it it 

-HC\| 


men 




r— r— 


-h- -fl- 




it it 


it it 


cr 


\U"0 


-HIM 


uu 


OO 


r— »— 


K- 


1 1 


it -fl- 


<1 


UJUJ 


ip m 


-S 


(MCM 


cm(m oo 


<1 


nTnT 


it it li 


UJ 


VXMJU 


it it U'tu 


uj 




—«IM «— 1 — “I 




• • 


hh 


UJ 


M' NT 


it it IMIMULMju 




1 1 


sU'U it it © e 


o 


C\|(\J 


OOit it^-i 


O 


it it 


1 | -HCM | | 




it it 


tu luhi— ™<m 


UJ 


-HC\J 


vi-<Tit it it it 



<L 



it it 
l'H»l 
P-P- 



rrmin* it 

m<MOO-H(\| 
OO I I t-h- 

• © LLJ ULi it it 





ex 


su su >rsrmu^r- 




<1 


mm + + cmc^J'T <r 




3 


— I-H ri(\|vOv(JrHH 


oo 




oo t— t— • ©mm 


o 


UJ 


oo it it r-i-oo 


•* 


X 


• © Nf<r l | oo 


U) 


t— 


+ + «— l(\JOO— !C\J • • 
-HOvih*" h~ I 1 hi" + + 




LL 


H- f— it it UJUJ it it -HIM 


O 


o 


it it 'T >4“ — H — H — H — H I — h 


'T 




•jr\tnoo ,HHHH * it 


•* 


oo 


-h^i i i >r srfMtMvOso 


ua 


UJ 


(M <M UJ UJ \U nU vU >U nT *T 


w 


M 


u a inur* U N ou uj ni o i no vu 




h- 


-H-H>U \0 • •OOnT'T 


o 


er 


• • • •'O'UOOUM^ 


<1 


UJ 


1 | mm II • • • • 


UJ 


a 


vf > 4 - + +mm+ + 1 1 


a: 


C 


mm^r^'j- Nj-O'O'rnro 




ac 


m m cm e\i 'U o m m p- p« 


— * 


ex 


0 N U'O>U'(N|CM • •-H-H 


-i 




z^: • «oooo<mim « • 


i— ■ 


UJ 


HHhhmm • ©sOOvUnO 


• 


X 


j: JS. • • — H — H (MIM 


o 


1— 


UJUJ If II II II 


UU 




1— 1— II II II II II II 


• 


ui 


CDUXO XO 


Z 


z 


icj-oxo^xxo 


w 


M 


II II U?l/)Jt-*-S Jtt^UJJt Jf 






UJU 7 UOUJt^U)OUJOOVJ 


LL. 


ex 


r-«\VtHlHXXLLU.XXUU. 


•— 1 


UJ 

1 — 

UJ 

UJ 


i— I — ^j*u>uuuju.xaa 



ex 



oo— — 

• ©cm rvj 

— oo •— • 

uu *—4 «— i c\i cu n i 

<i U- a. lu <a u_ 

mconimooco 




(X IX IX LL IX CX LJ 

uuuuuu^ 

LJL LL U_ Ll_ U_ LU U J 



UOQUOU 



UUUU 



uuu 



87 



OOOOOOQOOOOOOOOQOOOOOOOOOOOOOOOOOOOOO 
4 «-h »-h «-4 r-i (\j < \j rvi c\j cm rsj cm rg rsj <\j o )o ) p ) n 1 n ) i n > n i 



ai LU at LLJ 11J LU UJ UJ Ui UJ UJ UJ OJ LU UJ LU UJ ULi LU Uj u 1 UJ UJ UJ LU UJ UJ LU LU LLi UJ ILi «JJ u l UJ UJ UJ 
(/) V) l/> to t/> ITi to V) U) io CO to </) CO CO CO CO </) CO CO 00 1/) UO CO 00 t/> CO CO CO CO t/) CO l/) I/) 00 (/) </) 





OO 


X 


o 










Mb 


CO 


•» 










X»HH 


•» 


o 










XU 


X 


X 










•“O 




o 










00 ► 


X 


•* 










J — 1 


X 


X 










► OJ 


o 


Jt 










— J — J 


•* 


LL 










rHLUb- 


r- 


—I 










ItLU 


JC 


UJ 










Z3 ► 


m 


o 








in 


H-O 


o 






• 




UJ 


r— 1 ►►1 


o 


X 




Vi 




3 


CL COO 


X 


Jfc 




CL 




_j 


z •* ► 


•» 


o 




LJ 


UJ 


<i 


•"CO LJ 


o 


<1 




h- 


oo 


> 


zoo 


-> 


UJ 




O 


o 




a. *o 


<i 


X 




<x 


X 


nr 


•»tx ► 


UJ 


•* 




X 


f— 


uj 


2-<iZ 


CL 


o 








CL 


►UJO 


•» 






o 


H- 


U 


Z — < ►O^L 


LU 




z 


U.I 


IX 


►OIZ >— »<l 


X 






V) 


U. 


— *0, 


LX 


•» 




— J 






OMM 


►3 


X 




<1 


z 


UJ 


O O 1h ► 


<1 


h 


o 


UJ 


X 


H-ZX 


H 


3 


oo 


X 


h- 


►o ► 


~z 


— 1 


LJ 




h“ 




OUCDXH 


UJ 


H 


IJJ 




u 


O *4-1153 


o 


UJ 


X 


► 


b- 


*— • X O O ►b 


• •» 


z 


H- 


o 






•» 




UJ 


LO 


Xh-«o-«oouo ► 


r— 


LU 


r%4 


UJ 


<i >— * ► 


►UJ-JU 


UJ 


CL 


M 


—1 


►cl xx or xx 


Z 


<1 


X 


aj 


— •'<L< •'OCX 


•» 




M 


<L 


OXi.2.2 ► ► 


QC 


V) 


H- 


*— 1 


O<U-ZC0-£O 


-C 


m 


X 


CL 


-42:x 


►3u0*: 


CL 


X 


a 



UJ 

CO 



o 

cl 



<1 X ~Z •‘X ►Qh 

> ^-•o^aiuZLU 

UJ MQ</)^ •‘UUOJU ► 
X I «*xzaj ► ►xo 
h- O — ►OU- JCCL »»Z 

*o<cajz ►iz) • k UJ ► 
to XOCO ► ►XULHX^CLJ 
►— \ — * ►Ol/)jCa: **o_j 

ai <i ^Jhuauu h— 
00 ”-*X >0 ►_! ►a.oz 

CO H-^U-12 X ► 

*- OOv^CLO 

UJ -JXIZ H vZ)O0UD 

z <ia:ujh-03:oto ~b- 

*-H UJ<XXU ►LJ ►UJ LJ Z 
b- ax*-«H(y-iJ:ccx ► 
o coq<i jxviauo 

O rNN ►O^.CJ'^ ►Z 
ex ►-« oo o u_oo 
aj ozZ^> ►Z xz_j^- 

3 MOU^t/JUUUUJ 
Ui ►3«_LJ.-J 

tLXX ►Oi.-*i.LJ«* 

xxilji— •'uu 

•"> HUUllUlUU.d 
X — ICVi f-i *-H 



o 

z 

»—* 

> 

-J 

CL 



CO 

• o 

O • «LU 

ooo • 



o* # * * 



O 



00 



X 

00 

• 

ixo 

Ooo 



o 

rg 



LJ 



O 

o 





**•* f\| -fr 


o 


f-4 


CO 


Hwi*XXXX-U'OH 


xc 




X 


^Al'l VJjw^w 


UJ 




CJ 


X W II 


CQUI 


UJHw 


b- 


II X XX 


2T UJ 


• w x z 


O 


(1 Ooox II II 


3— 1 


zx x 


<i 


JC II ZUJUJ^ II II 


zeu 


^ no 


LL 


XUJ UtUJU C/J o 


<4. 


II b- uj 




l/)-^UU^b K/^UUU 


UJ*~^ 


X UIUJZ 


UJ 


^uau-h-uu-uuuu 


XX 


mujUlluj 


X 








f— 




-> 


LJ 






X 





uou 



OOO 



OOOO 



88 



000000000*00 
■— i csj < ' i *3- in so r- tu cn o *-• 



ooooooooooo 

r-i (xi o ) >r in vu u> o «-» 



uauQuouaacjo 

<L<1<1<1<1<1<1 <1*3. *0.01 

ococor.cca.or ccccccoLcr. 

OOOOOOOOOOO 



xxxxxxxxxxx 

CXCXLXCXCXULQLCXCLQLCr 










3l 




IU 






a* 


Z 




;> 


z 




j> 


•» 




M 


•» 




*— * 






h- 


r-l 




r— 


Li. 




<L 


X 




<l 


Z 




-> 


z 




> 


► 




►— * 


•» 




►— « 


z 




LX 


z 




Gd 






LU 


2l 




LU 


»• 




O 


p> 




U 


z 






>. 






»> 




LJ 


•» 




J— 


z 




Z 


Z 




u; 


•» 




o 


► 




ar. 


— % 




o 






•— « 


Oh 




ui 


Oh 




Li- 


03 




LO 


03 






•HQ 






—ILJ 




lli 






11) 


►h- 




X 


OUJ 




X 


OLU 




h* 


oz 




h- 


OZ 






pH •« 






r-4 •• 




L-l 


'■'h 




LJ 


^h 




Z 


<UL 




Z 


<L LU 




*-« 


**z 




M 


•*z 




LL 


*— *> v» 




X 


•» 






Odd 






OCX 




O 


O-JC 




o 


o-* 




h— 


t—4 Q_ 




1- 


HQ. 






— ‘—h- 






— w»- 




h- 






h- 


WJIU 




2. 


►luz 




21 


►LUZ 




3 


NQ •* 


— 


3 


NO - 




U> 


1 


-J 


(/> 


1 *-> 






o^z 


r- 




a— z 






►o •* 


O 


z. 


•*o •* 


M 


o 


xocu 


w 


CJ 


xoaj 






l hj 






1 rHJ 




—1 




X 


3 


<l^h- 


»— 4 


—1 


wXZ 




3 


^XZ 


o 


<L 


00 


Od 


<1 


00 *■ 


< 


O 


*NO~* 


h- 


O 


* so^ 


of 




-JLUDM 


■a 




_JLU3”> 


O 


ill 


<LQTh- w 


2t 


LU 


<tOdh-*— ’ 




Z 


LU<LZ 




z 


UJ<1 Z 


LU 


M 


QdX •‘H 


LU 


*— 1 


CXX 


Z 


h- • 


wou* 


z 


h- • 


ooox 


*— i 




r 


r-» 




h-NZX 


h~ 


LJ — J 


»— « ooi-h 


K 


a-i 


H- Q0»— « 


-J 


ct-J 


oz*oz: 


3 


CX-J 


OZ* OZ 


LJ 


OJ< 


*—iLJ Qd 


O 


aj<t 


hU X 


tr 


oo 


i > i i ) 


cx 


ju 


— I2.J-U 


U-< 






OJ 


o*-« 


aisJru 




UL 


ZUUlMUJ^. 




X 


^.UU J ' 4Uj X 


v; 


LOUJ 


HUaVU-UJ 


LO 


la) at 


hucl^u.^' 




»->2_ 






Wi 






J i 






J — > 






r— z: 






h-Z 





OOOO 



oooo 



89 



oooooouoooooooooooooooooooooaoooooooooooooooooo 
<— • rg r» i 'T u > so r - uj o n i r* oo o •-< rn >r u> vo r^- oo o •-< cvj m u \ no r- ao o •-< oj n » sj- lt> vu 






mil jll III l|_| |li)ll|H 1 1 1 I IJ J LLI LLI tl IIIIIIIIJJ LLI It 1 1 1 1 LLJ II tLLILLJUJ LUI 1 1 1 1 1LLIUJ LU LU^I LULI ULM » t UJI I I tl 1 1 jj II »|J j I |JI1 l|| JQ II I . 

</)c/>iocooouoco(/)oooococooo</i</)cococo</)co</)co</)coco</>ooco</)co(/)cooooo</)coi/>cooococooocooo</)(/)to 



LU 

2 



— > 

Ol- 

CC — I 
LU 

COCO • 

at co'-* 

lu_jo 
h-^O 
ZD © 
a. ujo 

XX^i 
LJt~ V 
U LU 

o c 

UJK- v 

XMO 

KU-O 

O 

xujcm 





Li-(X 












— 




— 






->2 












j£ 




JC 






uu 












CO 




to 






to ' 












UL 




X 






t-LJCJ 












X 




X 




— * 


2H-UJ 












•* 




•» 




3 : 


c cr 












—J 




J 




oo 


l~</) 












LU 




LU 




cr. 


to 1 — 2 : 








X 




aj 




aj 




X 


2za 








Mi 




3 




ZD 




•» 


OlXJMi 








DC 




h~ 




K 






0*-*K 








H* 




•* 




•» 




LU 


uto 


•* 


UL 




<1 




Mi — » 




Mi — 




CU 


mm 


I'M — 


a 




X 




CJ CM 




CJ (M 




-J 


LULL. 00 


i >r 


K- 








•* t 




•* • 




t— 


1X2 




U> 




<1 




— * 1 


— 


-J 1 




•* 


)— UJ<L 


•*aj 


LU 








-J 


H 


ZD 


— . — * 


Mt 


OCX 


X •* 


-> 




LU 




2 -*■ 


W» u\ 


2 * 


o) r- 


CJ 


COVJH- 


1 -*• 






X 


O) 


CJ ■* 


<L 


CJ -fr 


W W 




h 


<L v£> 


LU 




h- 


• 


•*coa: 


+ <J 


►oo or 


<3l <L 




ULIULILU 




LJ 






* 


— i • * 


CO + 


-j •’* 


+ -f 


<1 


<^II 


CO'-' 


Mi 




X 


* 


Z># <C 


< CO 


Z>*< 


CD CO 


h- 


h-»“ 


* <L 


00 




a 




2* <1 


< 


2#< 


< < 


LU 


LU 


_J 








oo 




r- ■* 


►x** 


* * 


CO 


zcjx 




LJ 




v>J 


OL 


a * co 


irO'Orn 


x a-Roo 


<Mtuaj>r cl 




*--»20 


LU2L 


2 




LU 


x 


w<I « 


Ulituo 


♦ w <L • 


-HOOO + 


LU 






<* 




:j 


* 


<X 1 HUiMlilUJ 


CD • • • < | CM LU LU 1 JJ UJ CD • • 


2 : 


OLLO 


V) 


X 


• • • • 


-J 


rn 


• X I _JCJ 


• • • • 


<hhoi 1 -JCO 


• II •oc <c 


m* 


LJ OL 


r- ^ 




Hmuo 


<3L 


l\JCJ<L — i 


u/H^vru. 


U<JJNMniHl\J 


i— 


exOX 


Mi 


J — 






OOJ^^n 




It II II O J JZ(M 


II II It II 




OJh-f— 


02 


X 


tf II ft tl 




• OUZQ< ft ft II II II 


OUZQ<l II II II II 2 


u» 


-j 


mQ 


e; 




LU 


cm 








cn 


!/)• UL 


-IX 


Mi 




J_ 


H 


—I II II II 




ZJl'l'T -J II It » 




LU 


e#LU 


ai. 


at 


•— hm<m>t 


»— 




II _J 


f-HMU>vULT'Mi-iM (| _J 


O » >T 1 *• W Ml Ml Mi Mi r— LJ 


— i 




4.U 










^r- ir-iuJ 








CO 


MMJ. 


*-ilj 


Ui 


UJUJkUUJ 


t— 


<1 XLJCLLU<JL-^4.«s4.«y. «4.'-4.«<^<«ia.aL\U<L ’M.'M.IX LU 




ll/)J 




a- 




LU 














|— • 




»— 




w# 













uuuuu uuu 



t jcjcj 



90 



oooooooooooougoooouo 

( \j i' > >r u > vo r- ou cp o h(\km in uj r- on tr o 

»— l<— li— t»— If— •«— If— l«— ICM 



i2:5.2L2:x3:iZi.ii.aL5.ii2.aL2.i. 



UUUl ’o uuuuuu uuuuuouuu 



z 

L J 

M 



«-<JJ 

UUJ 





(X 






LU 






_J 






X 






<ltx 






1— 


















H 






LJ 






on •— • 






z 






<A2l. 






c 






ix*t 












—1 






UJ 






UJ 






UJ 






XUJ 






• 






HX 












•— 












LJ 






LJ 






zz 






1— 






<IM 


















r- 






IX QT- 






M 




«— * 


UUUj 












CUOJ 






1- 




to 


zz 






UJ 




or 


•DID 


co 




to 




CX 


ZZ 


m 








•» 




pi 




'<3 




_J 


»- to 


<n 




sU 




LU 


JO 


IM 




• 




UJ 


UJ_J 


m 




IM 


mi 


-J 




• 






r\i 


h- 




-a- 




Z 




•» 


->> 


•ft 




<1 


O 


>— t 


z<u 


— * 




X 


1 — 


LJ 


cz 


— «• 




H 




** 


UJ 


• 






LJ 


-1 


XlU 


CM 




to 


O 


ZD 


HX 






to 




Z 


1- 


*** 




Ui 




LJ 


to 






— J 


— H 


•» 


UJ • 


MU* 






rH 


-J 


r-H 


1 OU 


0^ 


u; 


CM 


ZD 


<i • 


ZZD 


r- 


*— | 


cp 


Z 


— CL 


H- 


sO 




LP 


m- 


=5 • 


X*-' 


SO 


cx 


m 


CL 




1 


OlvO 


UJ 


• 


<w> 


j 




COUJ 


CD 


CM 




<t<x 


wQ 




5" 


i— 1 


5. 


OLU 


ao 


(O • 


ZD 


* 


< 


CD 


* 3C 


m | 


Z 


<T 


—1 


LUX 


-J'O 


m— ' 






L- 


zo 


<ux 


• *• 


HO 


• 




MZ 


LULL 


* * 


.J • 


LU 


LJU 


h* 


CZ'-' 


•ft QC. 


UJO 


J^O 


Z 


JH* 


* 


cz# 


t/) 


• UJ • 


•— « 


LJ— 1 


i-nj 


• *r uj 


v/LJ 


UJ «u 


K 


CXUJ 


>-«ocnc 


OJH 


UJlM 


-J 


cuto • 


o «N II 


Z 


• II z 


U 


JtOS 


II 


-J 


n ul 


CL 


VJ_JLJ 


t 


— J 


LLMU. 


W — l_J 


UJ 


z: 


u. II 


II — i — > 


X*-» 


—J —Jr— LJ 




V// U- 


JL 


JZ 


rr- 


u. JZUJZ 


u> 


►-♦uu 


*— ♦ <4 cuzlj 


LX 


MZUU.UJ 




XXLL 






U-^*. 






I-* r- LJ 






« IX 


LJ 



VJOLJLJLJ LJLJLJLJ 



91 



SlEFCtTINE * RE£ (II, MV) 



oooooooooooooooooooooooooooooooooooooooooooooooo 

m su r* a) cn o ^ ^ ^ 'T lh vu ^ ao o »-• c>j ( u * 4 " u ^ ^0 r- oo o i vj r» ) nt xu r- uj u> o ^ in vu co 

< ^ ^ r\j rsj eg i \j rsi c\j rsi <\j c\j i \j m n ) m rn ro n > n ) n i m >r >r <r >r 'T >r 'T 



ceeeeeeeeeeeeeeeeeeeeceecceeeecee e e e <l e e e 

UU UJ UJ LU LU UJ LU UJ LU UJ UJ LU LU UJ UJ UJ LU XI UJ LLI X' UJ UJ LU UJ LU LIJ UJ LU UJ XI XI UJ X LU UJ UJ LU UJ X 

cl ex. a: cl cl cl cl cl cl cl ctctoctror oca aa a xaaxa cl cl acct era. cr trocar a crceauc 

<c <i<recceceeeeccecee<eeecee<i ceeeeeccc eeec 



ceeeeeee 

LU LU UJ LU LLl UJ LLI ULi 
CL Q. CL Of CX.CC CX CL 
<LC<KOC< 1 C 



Ul 


OO 


ex 


CJ 




X 


M l r - 


O 


•» 




h- 


ujm« 


•* 


o 






X UL 


UL 






LJ 


►W 




LJ 




z 


1 // ► 


X 


#» 




c 


J 1 


LL 


LL 






•>cd 


O 


JC 




CL 


oo 


0 » 


LL 




UJ 


Xf- 


b- 


-J 




o 


tuo 


JC 


UJ 




►— 1 


X * 


LO 


U 




CJ 


b-O 


LJ 


► 




UJ 


•j-* 


J 


u- 






L/)C J 


LL 


_& 


— • 


UJ 


v> •* 


•* 


LJ 


cu 


X 


«/)U 


CJ 


C 


CD 


h~ 


OO 


-> 


UJ 


w 




•O 


c 


X 


h- 


Z 


(X ► 


UJ 


•» 


Ql 


►—» 


ce 


UL 


LJ 


LJ 




LUU> 




<1 


CO 


to 


—1 ►C/J*. 


UJ 


LJ 


UJ 


UXM^q 


X 


** 


aj 


►oee 


r- 


l/J 


X) 


MM 


►XJ 


LL 


J~ 


K 


OX»-h - 


C 


b- 1 




•j— 2 !LL 




X)— * 


X 


O ► 


► 2 C 


-J 


oc 


U 


QOQXM 


X 


h-C 




►b- UJ 3 


o 


UJW 


QC 


XUU ►!- 


- »> 


z:i/j 



UU LJ|— e.-£ -*X 

a.) k-c*-*lolo ♦> r — lj 

»-< *• ^uj^ju luoc 

o axxam zc 

z: kc •‘oa **o 

*- - a* 

lu <u-zi/m;u -*c\j 

x 2.x *oto*: a* 

b~ -'X •'r «-Q H-* 

** •‘hU-^aiuz luc/) 

1/1 ►OXetOOiCO <:c 

LU rxicOiL *00X0 ►* 

*- | 1ZO — I ► ~UL—< x>i r\ 

c o -oitsa ►zrazfvj 

—I •'C cue *•!/) ►LUUU- ► • 

o xi^ ► MXXCLiZ **c cu 

o i •'Oto jcac ►o^xo ti 

—I <lJhUOOCJ Ch- 

c ~;>o ►_] ^aoaj<z-' 

O 00 x ►co 

*^k<I 



Z CUJHOiUl/J ►IIJUKIU 
LU2.LJ *-0 ►xoojxzcd 
I— oci~iHiCe_J^ocx-JX ► ► 

X) G<JxwaijhV)UC> 

LJ • f— V* ►LJ>*UJ > ^ •‘VNX'AI 
IX.CC *-* OO O LL 00 #»l 
CD UJ 02<> ►ZlLZjZZf CO i 
31 /; MQ<U^uUUULJUa X 

(/JZ U2.CU2 •»<. L_J 

LU u-2l 

ujo i.ob- **ocoo k^u^n.vu.h 
•-•e ^uxxuxuu.uuu.i/iuua 
XU *-KV f-» 

r— o 



t/, 

< 

•» 

CL 

aj 

cu 



DC 

UJ 

l/J 









ac 




•» 




e 










LU 




u . 




UJ 










-J 




c 




o 










►M 




c 




2: 










o 




*> 




a 










CD 




l/J 




o 














X 














LU 




w 




UJ 










X 




H- 




X 










b- 




c 




h- 


IV 












l/J 






* 








Z 


*«* 


1 




z 


CM* 




c 


O 


H -1 


*«■ 


— IMCSl 




Ml 


* X 




UJ 


i\i 




X 


CSJt/J * * 






* O 




CL 




to 


CJ 


* o * * 




to 


LOM- 




C 


O 


UJ 


h- 


* ► CJI/JCQ 




UJ 


<IMU 


a 




t— 


CD 


M 


LOCD XCb- 




CD 


oah 


-iat 


1 X 1 




X) 


CL 


x cd i *e 




X) 


a*oc 


OC 


o 


a 


K 


* 


1 *. (MvO^ 




K 


XsO* V 


01 X 1 


2 


o 






c\j<o:lo* »— <qd 








+ o 


c 




X 


in 


to* CLL e* 00 CJ 




X 


xaotneo 


CJO 


DC 


— «• 


o 


CVI 


CJ* ►c's.cocnc 




a 


aitncvc 


ox 


c 


INI 




o 


to in uj v) c o * * 






emo* 


UU 


LU 


• 


• 


<;i/h/)U 1 clx* in • 




• 


l ungj • 


o 


-J 


O 


o 


vOUL* we* ITS OUST 




o 


i/jougj^r 


• It 


CJ 


UJ 


<L 


OO K * U 1 r— 1 •INJl^sT 




e 


UPW'T 


1 II 




• 




• H •CsJCl/)OJ • • 






O • tf— < 


X 


UJ 


►M 


OJ 




•IV • 1/50 


z 


X 




OX 


X 


1— 1 


X 


II 


II II II II 


CL 


X 


II II II II 1 



II II II II It 

UJ U.U.(JJt— • 

r-w;v<ujHV)MUJv;Z 
C JL <L CJ SJ } < 4 . UJ C UJ 



l/JOCJ*-" 1 *— O 
LU W/;|“ZUJZ 
e U^MUU-UJ 

LL O 
IM 



uuuu 



UUU OOCJ 



LU C/OO 



92 



OOOOOOOOOOOOOOOOOOQOOQOOgQOOOOOOOOPOOOOOOOOOOOOO 
rvi im nt vu oj ^ o •-< cm n > in ^ r- oy u' o r-i ) >r in vu r^- oo cr* o -h tNi o > u ^ so r- 03 o> ^ fM r* t ^ sU fJU 

f\jr\|tMC\Jt\irvJCM0 1 HUM nil’ >lMn >0)0)0 ^TsT ''T'sT ^T'T 



uuauooanuuc’uoououuouoacnuauuauuouuuuaciaauoauL'DC’c 





OO 


LL 




►O 


0 


kl 


►UP 












O 


wu 


ox 


r- 


*— » 


OO 










UJ#— * 


•* 


X •■ 


-^U» 


0 


-*> 


a> ► 










xa 


X 


o<i 


0)0 


r 


LO 


ox 










•*o 


Jfc. 


►-J 


LL ► 


0 


»— 


K— LL 










U) ► 


2L 


XU 


LL CC 


•» 


O 


0)UJ 










x_j 


CL 


<L ► 


►— i 


X 


r- 


OO) 










►CO 


O 


X jC 


I CL) 




—J 


►>. 










00 


•* 


003 


XX 


X 


— J 


I-V) 






O 




r-IUJt~ 


r— 


►O 


LULL! 


— J 


<L 


L’ ► 






cr 




2.HJU 


j& 


-*I 


UL LJ 


UJ 


J. 


1— X 






I— 




k:o ► 


U) 


LOO 


CL •* 


0 


K- 


<J< 






O; 




•+-0 


U 


0 ► 


-O 


•* 


•> 


Oi 






•« 




f— 1 


— 1 


►0 


uz 


LL. 


t— 


►0 






— 


5. 


X0)0 


u. 


LL tX 


-to 


X 


— J 


K— ► 






1M 


a* 


k ► 


•» 


JLX 


o»o 


LJ 


UJ 


ox 








I- 


►O') LJ 


O 


OO 


Li 


<1 


O 


1—0 


1— 




r- 


O) 


^OO 


J> 


► * 


OX 


UJ 


•> 


U»K 


0 




0 


> 


x ►o 


*er 


i-<r 


•• •» 


X 


CO 


►X 


1- 


r- 


LO 


0> 


► Cl ► 


Ul 


00c 


ia 


•* 


C 1 


UL! j: 


<#+ 


0 


>_ 






oc 


<1U 


j:x 


(_) 


J t 


ULiLL 


•» 


O) 


*> 


sU 


►UJO 


•• 


LL. ► 


OJi 


<1 


to 


O ► 


0 


2. 


— * 


_L 


1 ►UJ JS. 


►O ) 


JC. LL 


UJ 


t— * 


1— -* 


UL 


•> 


«M 


t~ 


►0 ^ s—* <1 


□J CL 


O ► 


X 


•- 


h-o; 


•— J 


SO 






— * ►O-LJL 


xo 


~o 


► 


UJ 


ox 


0 


0 


vO 


f- 




►_J 


•. •» 


ua 


a 


0 


►X 


0 


O) 


O 


O 


OOlH-C ► 


(M 


JC»-» 


<. 


h- 


XU 


V* 


2 


071- 


C< 


— * *+- 


3?:x 


LOOC 


0)0 


h 


O 


^!UJ 


•» 




5"3 


CO 


►O ► 




00 


105“ 


-J 


LU 


UJ ► 


a 


in 


►CJ 


<t 


OCjCC Xh 


I ► 


»-»x 


LXI 


O 


Kd 


z 


0 


— H* 




O ►»- 


LUD 




-> ► 


O 


•» 


LJ»0 


U 1VIO) 


CMlli 


-r. 


-Hioo ►K'UCC 


►cr 


•» 


O 


•*1— 


<JK a- 


wZ 


0 


^ui-xjt j;xu 


j 1 


LL 


O 


OJU 


•^t 


•» ^ 


U) ► 


►~4 


X.I— <L»— K/)OJ ► ► 


-JSUJ 


•> 




cuu 


►rH sj" 


UK 


h» 


<l»-H ► 


►ULI— JCOOO 


o;x 


O 


O) 


OUJ 


uh 0 


0)UJ 


C 


►axxccxoia. 


o>x 


I 


H- 


h- ►ucr 


•*LO 


2Z 



O 

U 



O 

a 

tr. 



X 

a. 



uj 

X 



OC 

a 



UJ 

2 



a 

cr. 

CD 



— ►<*< ►o or iu 

OX 2 LJt-_S ► ► ► 

o<u-.z:o):£o<t 
r -15 x * 010 oi x 
— wx ►;?: "*xcr x 
**_j ►*— o.£a •‘<1 

•*UJUi^^U^U 
rsiatn^ **c )OC£ ► 

I ► Ij^Q 1 ► ►*- 

►<! DU, j:oj<a 
►O^icu^ * 0 ) 0 : cx 
XOO) •* ►UUJ ► * 
| *-H ►OO/.^CX -HOU 

<i-jhuaoorD 
-^x;>Cl ►_) ► !— 

CO ^IX^n^ 

* v.\<X 0 >H •* 

_JLUZ ►►-X.OLOCD 



M •» (X ► 

- kr 
o 

*: :s 



ocr 
:so 
10a 
u * 

Xh 
CXtU 

x^ 

XCL) 
l/) •* 

OK 
ILL) 

axo ■ 
*:z:^crcr 



►CJO) 
LUZh- 
^LjCU 
coo ► 
► 1X0 
QL *0 
►cut— 
CL^LO 
►Ulll 

0 **CJ 
CL LJ 



(/)lLU.Mt/) 2 . 

C? jCLLK J in ► 

••auajxn 

CQU>-^ -O 

mxu ►mco 
cquj ►aii. 

O ►+-*. ► - 

f—^UJX -r f\J — 
O^wCCJXWvT 
►X ► U **(/)^ 
UjCUj^(\j>- oj 
tuauj ►u 



~cc 

(M JE 
wCL 
<Th 
OUJ 
ojz: 

X - 

*0 

^ ►<tcn2:v* 
UCMUO 
•^CXOICD-fr 



cn 



au ► > cn hj 2 .«j^ 

XJU-HJHO^X^H ► ►!— * 

H 3 <JCDXO 0 »-> COZ:<l<MkC^ 

OCLU^ x^v. coo ►* 
3: ► S <J\MiOO^ 



SOU^UUiK*Nac/)\UJN LL)^» 



V) O) 



5Z-J* 

<LCT IL'I— O^O* -14 ^ jca ► XO) -Q It— ►Uh JOVUUJUN ►►—* 

lu<i ► o ►i/)Z5 l/, OOii)UJUi uj<ior ►oto^i to oj o) 01 *-hz» 

aX^HQl-J-CllI ►XlX JCUCCXUJGUJ ( f l>-MHH JHI/)U 

</.)U<lJU- OXXOOUO) ►dUKOiaU)UU2.U)?.KXW)UO 
r-NN ►UMJVJ ••NUUN * > \ 

OO —1 I—-* o 1 - 1 - LL K- LLIjC _ ajCQh- 

O^.Z> •‘kCLL.kl^LO^ *‘X2JZJZ2u.2Z^ZZZk:^^HM/) 

muu^^uuu ►uuxujuujuuo .uoouoauua 

JL4QU4 •‘JLUUi^Ua.UJlJtil •‘J.X.2 2.x 1— ><1 

U-XJL •'U i. 2 L <L ► 2 ^ 0 ) ► 2 .U 2 .K- 2 . 1 A^ 2 . 2 » 2 . 2 . 2 . 2 . JL X <1 <* »*"" 
it y_‘ •*Ul/)L/-JXUXUU ►UWUUt UiUL»’UUUljLJU , * < “>* < * 
MUUXX'-'i.U ►h'UUUUXU »-UOXUUUUL'UUUttU u 
— 4l\J *— 4 *-|lM r-UM •— I *-n '—I’M 



cr 




• 




■* 




* 








u: 

1 


— j 


• 


UJ 


H 


CD 


— 


O 


w 


f— 


* 


\ 


— i 


O 


iin 


O 




\ 


OO) • 


CD 


-so* 


UJ 


tox* 


CD 


— — OCCLL 


O 


— JJJI\^ 


h- 


0 <L<i<*ar •-«’ 


ou_ 


C 


* 2 


► ► ► •sJ’lj 


rvix 


MDr-iCMrn^^a: 




OxzzZ't^’ 0 


• cr x 



w « o**' i-~| O 

—l * <1* > V.CU LL 

h- »x #0 



K<J >— K-K-uiluox cr 

W^v;vit/)UUUUU|I -*• 
UJ LUOJUJO LL 

o C H crater 11 II II OJ 
II oj 11 

LJ^. 2 <v_J 

kjj— r— 

-C-V/UJ 



OO LJ 



00 



93 



ooooooooQooooooooooogoooooooooogooooooooooooooao 
o *-h rvj n i u ^ o ^ cr* o ^ o ) 'T in no r- cu cn c? «-h m vD tjo o osj rn tn o o •-< cm n > u > vu 

srinuunmmLninLnuun>o>u*0'U o^vo vuvOsUP-i^r-r-i^r-'r*r-r-r*c»iJOGoiuouu;Guu;aoaoy'cntr'U'U'U , ‘ u> 



< < <. <r <i <x <i <l <i <1 <i< <t <i <1 <i «x <i <i c <x < <i <l c <j < <r <i < < <t <i <t <i <i <i< <i <i< < c <i <i <r <i 




aoDuouauDouuuuouubDuciuaaoauuouQODOuc'OuouDQauoucD 



in 

-n- 

* 



u 

a 

<JJ 

uj 

-L 

I 

LJ 

CL 




oz)zdct<x> 

^-QCH-QO #\ 
Li.! S. Ui IvOLL 

|| |t It |t 'V^J 

r-u, 

LLt— ULCUCVl 
U-Z)U_^) II 
UJL_JLUh~ tl 

lpi- -v)ut u~ 
op.<r.vj<w>.>L/j 



V) 

Jt 

O 



LJ 

QL 

U> 

X 



LJ 

2 

<3 

•» 

< 

l~ 

< 



to 

O 

o 



uu 

CJ 

•» 

X OCX 
-3j£U-3:-* 
-?'TIULJ-CU.Ul 
UJCDOlCLH-tX 
GCi/JCIlUQ-LULL 
O 7 UX 0 ZUI 

Z 

LJ OOOOOOOOOOOOOOOOOOOOOOOOCOOOQO 

cp o o o o o tH pj r< i >r u * su r- at u> o «-* cvi o l m 'o r- a> tn o *-< i \ j n > >rtn o p- go « j ' 

cj m>or^cou>»-H*-Hf- 4 *-«»- 4 »- 4 «-i^- 4 ^-i^- 4 (\nMCMCMCMcgcMc\j(M<Mrnrnn)nKOcomr*i<t)cii 

f \u \u \fj ^ 't; v*J \U ^ 'V '‘U'UvU'U'U'U'U'O ^ ^ ^ vy %yvy >y s^j <y 

lm ujujujuiaJujujmma’miiJXtLULumujujLuujLUUJLLJUJLUujujujLiJijjujLJLjaJiuuj 

U.OLU.ULU.ULU.U. ULLX.U.ULLX-ULU-CX l *L UL U UL UL 1 L U- UL U- UL LL UL U- tL U- UL UL IX. UL 



00 —LX 


• 




— * 












CL 


• 




cm 


o 










* UJOO^* 


• 


•» 


H 












tL OJwtO 


• 


to 


P* 


in 






a 




1 -p* 


• 


LL 


»-4 


X 






X 




X h- 


• 


s: 


II 


•» 






o 




-s»— e^uiLi 


t 


-j 


M 


X 


-S 




►tX-S JC 


J£ 


LLOJOLLOU 


• 


CL 


•» 




jt<rtoin 




I— Ql-JLOOOLL-C 






• 




o 


mxr- 


toxxx 


h- 


tjtn— ih- 2 Lu.-slo 


CL 


haao'Oh 


• 


u: 


a: 


O ►— » 


5. •* 


CJ 


hOmtrau.aa 


3 : 


O 1 


• 


X 


h- 


tO*— IUJCSjXfMX»-H 


h" 


OtOG^OU.JC2 


a 


KtfHr-X-J 


• 


H 


w 


XKQIOhUJh 


G* 


OSIOCLOLUCLO. 


o 



CJXJOCJCJLJO 



94 



QOQOOOOOUOOUOOOOQOOOOOOOOOOUOOUOQOOOOUOOOOOWOOOO 

r- a? ^ i m rn >r u ^ r- tu o' o cm n > >r u > r- ou u > o ^ «M f M >r m nu r- co tr* o *-» cm m >T u ^ su a? o ^ c\j ( ' i 

v , U'(/'OOOOOOOQOOHiHHiH^^^^ f HH(Nj(Ni\jc\ic\jc\jc\j(\i ojtMn>(Mt’'H ,, )n)('iioirio)c«>vr<rvrNr<r 




GUQUUUOUQOaaUUOLiDUOUUUOUOGUUOUQUQaUUGUOUOODUUUOU 





4-Lnin 




00 












X 






000 ^ 


IX 


•* 












CJ 






vO CO CM/JO 


UJ 


f-H 












H- 








—1 


It 












K 1 






1 /) •* ► #* 2 : 




M 


X X 


CD 








a. 




»— LULL or 


4U-UU •* 


(_J 


»» 


xX 


CD — ) 








*» 




— } UL U- _> 


**i. cr ac 


UJ 


0 


j: j: 


h<lh- 




K 


CJ 


— j 


ex 


ULUUJH- 


Of U-MM^ ►— 




cc. 


CJf— </>-*l/)CJl/JlO 




i\j 


M 


JtLJ 


IU 


<1 


*— OOO LL 


JQUOUO 


UJ 


*- 


J — xci- a 


01 •* * 


□30 


or 


CO •* 


CD 


UJ 


uj>->-a. 


CQILCOUDI- 


X 


co 


a:iij>i-u^oa 


l/)>**-HC\J 




CJ 


CJ»-»CC3<T-J 


25O00LLI 




»~ 




O CD J»~ 


XOeXa: 


erXiy 


Q. 


XOIhCCU^ 

r 






ZL 




--'0-0^0^00- 








— 


*» 





QOOOOOOOOOO 

O — • eg o ^ >r m o r- 00 o 

nJ* %r ^ sr <r nt nt ^ 'T m 

■sU sg >g sg \g vjj yg 



CJ 

o 

u 

4C 



OOOOmow^OI^OCTOOOOOOOOOOOOOOOOOOO-^OOO 
in in in »n •-* in *-h in *h in ^-« ~Htn in o 0 >0 o o ^ o o >o r* r» r— r- cm r- r* r* 

vU^'<u^NU'V^Mj^'<u^^H/^H;NgNi ll i'g'g'i l >'g<ig>gvg'gNg , >u^^^J' | U'^^^ 



LU u J 111 UU LU LU UJ 1 U QJ LLJ I Cl 



HMMMMMMKMMM 

(JLUU(XLX.UCtX.CX.CJL(XU.U. 




•— 

1-4 



UJ IU U J LU l U ICJ UJ UJ LU UJ UJ UJ U« UJ UJ UJ UJ LU LU UJ UU UJ UJ UJ U J U J LU LU UJ UJ LU LU UJ UJ 



U ixa a,u.u D. u.ULau.ixn.ixu-u»Li,u.aLLLLu.u u.ulu u.uuu_u_li>4_lulll 



u. 

CL 



CJOU 



95 



ooooouooooooooooooooooooooooooooooouoooooooooooo 

u > vo p- a? o' o oj m ^ in no co u' o ^ eg o i u ^ so ^ oo cr o m 'T u ^ o cxj u ' o f m m u \ no r- co cr> o i -4 r^i 
>r 'T *t u ' in u ^ tn m in in u > in tn gj gj gj gj gj gj o gj g; gj r- r- r- r- r- r* r- r- r- r- oo oo oy co uj go qq uj go uj cp o' op 




QUCQUPUUOOOQOPUQUOCiOOUUOODUOODaoaUDUUOUOOUOOrjaPD 



oc 



o 

CO 

5 : 



h~ 






cu 


h-aj 




cu 




X 






UJ 


-tajii. 


JL 


Y~ 




O 




h-f— 


ao 


COO-SK. 


CO 


CJLLi 






M 


O-J 


Z)j£ 


CJh-tJ<l 


LU 




-J<1 LJ 


COUJCO 


z 


io<uj 


h-</J 


— JCO— J3EI 


QC 


*6<icou- 


>to a. cl 


0X0 


CO 


IHG 


ao 


ILOLLG 






< 












— * 


















— oooooo© ooo 


OdOOOOOOOOOOOOOOOOOOOO^HinvOrvjfn^^in'OP 



on O i-H nj a ^ in o qm^ o i-H 'T eg u ^ m p- gj cd o cp <T o 'T <r o o O O O O o 
r - od ao cu a? co ao ao ou oj ou cr* cp cr cp cn u> cr cr o> f-i f-H f-i •-« r-H r-i m f-i •-< *-h 



to 

UJ 

CJ 

z 

u 

CJ 



UJ 

X 



Cl 

CJ 



CD 

► 

H 

II 


o 


HH 


<1 h 


•* 


OU2U 


o 


OZSO-* CJ o 


ac 


►CO ►L/l ^ jC 


1- 


fhq cnjco m to >r co 


CO 


(XXQC-^OCl^OGCL 




uoru>uuuu 



oooooooooooo 

a) cp o *-< eg n > m g^ r- a? cp 




'*ugj'<ugjgjgjg;gjgjMjgJgjgjgjgjNugjgjgjgjgjHjgj'vgjgjgjgj'<J'i/gjgjHJ ^ 



gj gj gj mj ^ ^ ^ ^ ^ ^ 



UJ LU LU LU UJ LU LU LU LU LU LU LU UJ UJ UJ LU LU UU UJ UJ LU UJ LU UJ LLt LU LU UJ UJ UJ LU UJ LU 

e- r— •-- 1 

■<»— l»— 4 »— I 



LL UL (X. UL UL UL UL LL UL CL. LL IX. QL UL LL UL UL UL LL LL (X UL LL LL CL IX, (X *J- UL UL LL (X UL 






UJ UJ UJ UJ LU UJ UJ UJ UJ UJ UJ LU 



CL a. ul (X LL UL LL UL LL a. LL UL 
-t-t J.JC 



□l 

LL 



uuu 



96 



OOOQO^OUOOOOOOOOOOOOOQOOQOQOOOOOOOOOOOOOOOOOOOOO 
i ' ) u a vu r- uu lt* o *-* c\j on *t in p-. co i/ 1 * o *-* c\j n ) nJ" u > o r*^ oo u' o *— < c\j o i >r u ^ su p- co lp o •— < cm c ' 1 <r in vy r- ou lp o 

U> U' LT'U > U > U , U'OOOOOOOOOOHHHHHHHHHH(\H\JtM IM CM CM CM CM <M CM P ) P HMO ) P »P)P ) PIP )p ) nT 
f-4 r-1 »-i »-I^h »-l f - i cm (M CM CVHM CM CM CM CM CM CM «M CM CM CM CM CNH M CM CM CM cm t M CM t\J CM CM C\l CM CM CM tM CM CM CM (M CM CM (N 1 C\l OJ 



ouDDaucuoooDuuoQoauuuuouaouDuuociouoauucuoouuuuau 



00 

< 3 . 

INJ 



«SI 

— O 



o 

UJ 



CL •* 
CJCM — i.*— \ 
»f-CMZ )00 •* 
r^-LL ia.<* 
U-^CP» nTo ; 



OOCOOO 0000000000-00000000000000000 
o cm co <r to — no r- cu lt o *-< cm co >r to o r- a> tr o *h cm rn >r u > su r- <w lp o cm 
cm t m cm cm ( m cm o ^ m cm cm cm cn o » n n ) n i o ) » m n i r ) o i r» i sr mt 'T <r m- < r <r nt in u \ u a 

\yj sy «y \y sy 'y sy sy >y >y \y vy sy <y <y ^ sy 'y \y sy >y \y vy \y \y \y >y vy \y «y »y sy Mj 

z 

LU UJ UJ UU UJ Ui LU LULU !JU UJ Ul UJ UJ LLJ UJ UJ UJ UJ UJ UL> UJ LU UJ LU UJ UJ U1 UJ UJ UJ LU UJ UJ LU or 
ULUL UL LX UL UL QL UL UT- LX IX. UL IX. LX (X U> UL UL UL LX tX UL OL UL UL UL UL UL UL UU CX. CX UL UL IX. UJ 



<t 

X 



• z 




ullix 

QJW 

WLLI—I 







X 














<ILL<XI— 


»- 








o 














> ►>< 


K 


U3H 






K 














• O 


h 


IhX 






H- 4 














U )l G 




0<C<1 






CX 














IU— JLU2L. 


1 


CL QL 






o o 














Jt~ <1 <JL UJ 




UJ •• 






quu ►au 














D’JJH 


M 


oa lu 


o 


K JC 


ucuuj 




o 


-S-LL 


JT 


o 


K' M ) 


LOh-UJLO 


to 




lC 


r--*LL>i/? 


•*UOQh-(X 




I- JC 


<y)^ 


t/; 


-cX 


-U-SO 


l/JLUC/J^- 


p- 


h-mjjp- 


U> 


O^JZU 


LJh-Ol/)-J c/i 




CJiSt 


JU 


UJUUI 


o 


LLJ LO JC 


<<<u/> 


M 


U|-H 


Cl 


OOX^X< 


HUhCiUV)Q 


►-« 


1—0 


U 1 


cf 


o 


Ql-t- 


• • » • 


K 


m m •» 


a. 


2LOUUU 


ooooooo 


z 


<ro 


ox 


oooo 


CX 


ooo 


► ► ► •* 


1 






X 




o 












r-soco*-*- 


cn^L-\ 




















vO*-<nOCM 


•» 


v0CM>O 



CO 

► •* *« «K 

• * • * vy* 

+ ^ *o 



hhh 



I 

hH-KI- |— 
<<<i< ha 
iZii. |Z 
UL UL (X UL f(JU 

uuuu o- 

U-LLU-LL HJL ■ 



<t<C<l 



ULOLUL 
LULL LX 



0000 o 

1 M P ) VJ* m >4J 



uuo 

r- uj lp 



uu 



97 



OOOOQOOOOQOOOOOOQOOOOOOQOOOOOOOOOOOOOgOOOOQOOOOO 
-h cm r » i u s 'O r- oo u ' 3 *-» i si n ) sr in su r- ao o' o -h cm t » > <r u s su r- ou O' o -h ( m n » tn >u r- au o' o -h «\i n s -r m %u r- eg 
vr -r >r *r <r >r -<• <r sr u > u ^ its in u > in u > in in tn <j so <j su <j o su su su <J r- r- r- r- r- r- r- r- r- r~ co as oo ou aj gd uj ou ao 
v \j eg oj csj cm cm (\i rvj cm cm cm cm cm cm cm cm cm cm cm cm cm eg cm cm cm cm c\j cm cm c m cm cm cm cm cm cm cm (\i cm cm i\j cm cm cm cm cm cm cm 
<<<<<<<<I<<<<<<<<<<1<1<<<I<<1<<<<1<<<<1<<1<<1<<<I <l<x<l <««< 



UUOOOaUUOUOQUDQUOUOaauOUOUOQUOQUQUQaOOQUOUOQCUUC 



— * 


1 






*— 






• 




<- 








• 


1 






• 






ao 




-fr 








-»■ 














X 








1 




t- 


1 






H 






— 




* 




1 




UL 


\ 


— 




LL 






X 








1 




w 


1 


- 










ns 




<■ 




1 






1 








— 


<— 


— 




■ft- 




l 




• 


1 


ex 








m 


• 




<• 




1 








J- 




— « 


— »* 


— 


CL 




<• 




1 




nU 


1 


\ 




>u — 


QL 


ex 


L J 




-Rr 




1 




n 


1 


3 




• CL 


X 


X 


w 


— 


— * 




1 


— 


O' 


1 


h- 




O'— X 


s 


s 


— 




- 




1 


m 


— *LL 


I 


co 




X- \ 


3 


3 


X 




— * 




1 






— 1 






•*— —3 


t— 


h- 


—ns 


— X 


3 Rr 




1 






• — 1 




CL 


- CL - — f— 


CO 


OJ 


— •» 


- X 


UJ*- 




1 




CO 


— — * 01 1 


w 


X 


X— —CO 


wr 


w 




—v. 


X* 




1 




LLCX 


2lO» • | 


•> 


X 


aw 






ex — 


X 3 — 


3 1 


— — — — — 


1 






CL • CO | 




3 


UOtL X 


m 




X 3 


ai- - 


LO j 


CO 0000 CO GO 


1 




X 


oao-*u. 1 


• 


1- 






— 




oco — 


CO | 


«<l« 


I 




0 


wtl • -• 


vO 


CO 


CDw. 3 •. 


r^ 




33 


ww- QL 


<a j 


cm (Sum Ovjixi 


! 




H 


— X 


r-H 


w 


— ^ — i-r- 


• 


• 


h -3 


— X 




— — — — •» 


1 




•^<1 


- X LJ LJ 


UJ 




<3 - ljoj • 




sO 


cox 


- - uv 


1 




1 




»' M— • 


►Olin-i 


•> 


w 


»— « • nu w >w 


r-H 


— H 


W- 


— -UJ_J 


• 1 




1 




oco 


C\J«— - 


• 


— 


</; — cvii. — h 


UJ 


UJ 


X 


rsjr-xK- — 


— | 




1 




r-u- 


• -3 os - 


II 


r- 


ur- « 3 » LU 


•> 


»> 


- 3 


• • JCUUY 


— cnj | 


1 JJ 1 t 


1 




LL w ’ < 


— U'fMLO •• 


z 


• 


W- # LPLO •* - 


• 


w 


— 


U'vU^ w • 1 


l-i-h-h"h' 


m 


m — 


•* l 


muu •cor» + 


— LJ 


sO 


xoxtor— 


II 


II 


r-»— 


Xr-K/> r* 


• 'T | 


Xi.J.2c2. 


*> 


l™ 


X- 


• — r*—<tu-» 


— M 


H 


- r-l -C • || 


«-» 


O 


• X 


-UJ<- ILML 1 




00 


10 


r*- -oo- u-w 


— 4 - 


UJ 


-UJ- wnO^ 


a 


UJ 


0^ 


— — ■ W — —X — j 




<L 


1- 


-OLL || - X- 


oca 


— 


^0 - 11 ^q:— 


-.2 


H- 


H 


• 

7 

1 


— — 


X X X X X 


<r 


1 •* 


- • 


*_jx- r-h- 


UJOC 




• - 3 - UJ 3 - 


3— 


•LJ 


UJ- 


3 || - • It 


- II - 


(Mmrnnuo 


— 




jr^ - -uj 


COLJ— M 


cn 11 3 - -ajxo- 


UJ 


— — 


3 PL -sO^“ If >-(NI 




m 


1 + 


r-HLL sTUU ->T- LJ 






CL f-— LU sT — 


^33 


- 


UJUJ^HU>-UO 


33(333 


♦ 


!«• 


— *w -CVJO.- •-*LJ 


LUUJ^LJ— - 3 X • II 3 


1 <IUJ— 11 • 


XX ILiiZp^t- 


• 1 • • t 


• 


| •> 


QU - 


-l/i — vU vr 3 


LJ <X, LJH-5 QU — Lje/WJPLQC LL CX. LJ CX UJ LJ CO 


t/IUsU KUZUJ - 


O' LTLn O' LT • 


*• 


r^ 


<lh~ II - 


- COUL w tL» 


^ Jh< I* LLUJUJ 


UJ3 <tUJX 


XX- HUJM- -LLULliliON 


1 - 


rvjHia ■ 


<wr - 


Ol— ULCLCMCLCT ex -jCTCO_CLL^-(\lh- - 


ex - n o^u -f - 









-xljcmuj - h-<x 
• UJOL^CXh- II »-*uj 
a *-»>x:s 

•• cl i-ujxuuja 

-JU.ILUMI-UJZ CL 

<uiq:x< ujuj 

*-*<ZZ 3 lLSCCQL—*?m. 
ULLL'VI LUUMUJ 

IUOCO CL jE3nh CD »— 
h- LL» 2 L LJ HH LL QL V ) 

2 LOXXXCOUJh-U) 



0 <S esc -QUJUJ- LJO»“~*CJ*- 4 <l 

cz jcq- it x x 3 lloluj- LU II 
X<UQ QQ > 3 hi 30 

CL MCQ»« CLlliOCLO-LLO-Z •• XI <T 

£OX<JUJ HZXX XLUQ-JoaJJ 

3 lu<* <£XLU<i.uj33e;oLJUJ<q 1 x 

iXQC 3HH32o_»-«cLa.2x oci-«3 
M*»<aujH cj *-» ** »-hix.<i 3 

U3UJDUJCO02mQU^O^DUJD< 
QC3X|--4-UJCXOXIJUCCIXCXU-3»— h-|— 
•— UU >- U <t CL 3 3 X XJ hh LJ hh >• LLI <1 LJ Q 
Udh< X CLh- IUIHLU ^Uh QC 5-<l I- 



LUh-* ac hhlj>“-<- < 
CLUJ || UJCLH-tU-^v^r 
IZ^ISXXX- *)!- 
UJ UQU-JLLUJ<4 

hQza LU H-tt 

<1 UJLU UJ UJ<X<- 

oc a: hh _j x. 2 : C-) * 

hU<UUJh 

LJ (J LL K CJ CO QC OO <• 
-JUJU-LJ 

LLCLUJ <1 (/)*— O’* 



» » * • • o m 

II II II II II LL{— 
CL OCSC *"<T 

xuqcuj- a 

^)(Xt-H</> vt 

aaMuz 11 oc 

LU LJ U^UJ 

jq oa <« j 
uujjuuuu 

aJLLCULJLJfr-CU 



•H/) 

• UJ 

+ Ct 

- 3 

X>~ 

• <x 

U)CJC 

UJLLi 

hh cl 



<• « 
**■ 



tn cm in r- m in in <f 
'OOOOvOOsOO 



QCLL 

Uih- 

CL- 

o - 

rocninotninoLninrvjsOcotninintncsjtn ir*aMnmchocr»rsj-fr meoenrorooo cccm 

sOOOH^OvO-I'OkOhOsOO'OO'OH'O 'OO^^O^OO* OOOOOO't CL <o 

- h- 

+ + + * + + + * + 

< 



4 * O IO + 



♦ — + 
- - - « 



LJ 004 O 



r-l LJ-f 



<1 <?. <1 <1 <3 <i -<0. <l< 

LL UL LL QL CL. LL CL CL C.Y. 
LJLJLiLJLJLJLJLJLJ- 
LL LL LL LL LL- LL LL- LL U- * 



CO 



<L<.<1<1<1<1<1 <1<L<1<1<1 <«««^« 

IX a. CL OL QL CL CL LL CL LL CL CX QL CL QLOL QC. UL • CL CL UC CL U- U. U- CL <■ CX.LLCLQLCX LL CL <1 CL LL 
* LJ LJ L J LJ LJ LJ LJ LJ LJ LJ LJ LJ LJ LJ LJ LJ LJ LJ **LJ LJ <-> LJ LJ LJ LJ LJ 1* LJ LJ LJ LJ LJ LJ CJ M LJLJ 
U-U-LLLLLLU-U.LLO-LLU-LLLLLLLLLLLLtl-tMLLLLU-LLLLLLLLLL'R- U_ U. U. CL LL LL LL LL LL 



UOUUQWOUQ 

%jf 1 i \| it I sx U * SU I*— UU 

r- 4 rH«-H HHrHfHfHrH 



LJCJOLJCJOLJVJWLJ^JLJLJLJLJLJLJLJ UQUUOUOU UUvwU«JU UD 
u'QfHi\ioi>rusNor*-cuu'Q^iM<'»>ru s%4j i^-aj «<\im <r u^'LM'-ujltlJ'-* 
r-ic\jiMrsjrvjcMcsjc\icM(^(\in>r‘sn»iMo»oin) moin»>r <"NTsr <"<r u>in uun 



98 



OOOOOOOOOOOOOOOOOOOOOOQOOOOQOOOOOOOOQOOOOUOOOOOO 

CDL/'U'U A ^LrV'Cr'U'U"J > 0O00000O00HHfHrHrH^HHH^i>j(NjrvnMi\ii\ic\n\jt\HM(')nipu\ KMmm 
(\ic\joj cnj c\j c\i t\irvj cm c\j r\j n)in n j m o > o in > n > ft) n > rn rn o > m n ! o ) n » o i m o t m n ) o t c* > m c* kho \ o im cn n >o ) rn o > m o > 

5 <L<X<t<T 

^ -h 



ppauouuuuuocQaooua oucnucuc'CL'o o oouQGUDuC'ULuc^uooorj 





I 

l 

1 

i 

1 

i 






1 

1 

1 

1 

1 

1 

1 


• 


1 

1 

1 

! 

l 

1 

1 












i 






1 




I 




w 








i 






1 


w WH 


1 




-w* 








1 






1 


— “W 


i 




f— 








i 






1 


Z. 


l 


au 


u_ 








* 






1 


M w 


1 


<r 


w 








w 






w 


' w 


w 


»— t 










t\i 






w 


CM 


w 


w 


w 








vU 






IM 


• • 


CXI 


w 


w 








h- 






vU 


wvU 


>u 




<r 








w 


- 




1- 


nTLL 




z 


— • 


. — . 






w 






w 


• w 


► 


a 


- r- 


w 




WWW 


4- 


LL —■* — * 


— *> 


w 


r~- 


w 




|LL 


1 - 


_ w M 


■*“>• ««•*. 


w 


1 tMvO 


w 


4 


LL II 


4- 


LJ 


| w — 




W W 


U.U.U. 


w 


f— t • 


LL 


• 


•*JL 


w 


Ui 


|w 


! LJ 


— - CVJ — 


— w 


>N 


LLLPLP 


UJ 




• o 




to 


III ~ 


1 UJ 


CNJ — 1— CX 




W 


| LL. U- 


( — J 


w 


It t— — 


w 




pUJ LL 


t— VJ 


1— ttu-± 


WWW 


w 


CL w w 




to 




— 


CU 


LZ — 


1- ^ 


X — X 1 \ 


w W w 


l/J 


-L* • 


LL 


J- 


cjll • 


LL 




\r* 


t-^r~ 


1 - V.1X3L 


'T<r<r 


z 


\ II |l 


3L 


— z: 


r- — 


\ 




— M - 


|OLU- 


oc or x ai 


• • • 


C.I 


ZD 


1 U 


w UJ 


UU LLJ LL w 




- 1— 


CNJ \CC ► 


IX— 


XUJCO\_l 


on no oo 


M 


1- D 


H 




mno w—. 




— LL — 


• jui m 


Nx 


| 


u.u ix 


h- 


CUCI— 




<u 


I z 


X 


H- — OJ 


O- I— — • 


\ZD • 


ZD>-* H* 


WWW 


< 


— 


Q 


MM 


1— H- II H-* 




LL • 


ll -zccnco 


1— •* 


kcj- co- 


WWw 






Z 


UJ LL 




DL 


w. o 


►OIUJ «LL 


KJJ vT 


CU QJ w««w» w 


II II II 


Z) 


• 


<i 


LL LL 


• — -—UJ 


LD 


►r-H 


— v(JO^ ► 


h- • 


w CU cu 




O 


w 




^Ul 


|i\i r-ui- 


~l 


• rn ll 


II I— LL- 


1 UJ 


UJ •- • 


O 




in 


UJ 


LJ 


1 • LL *—* ► 


LL 


► • ► 


►UJ ► II 


1- LL 


- Xsu *-sU 


Z 4~ 


<1 


• 


UJ 


- L J 


|T- wujnt— w 


(MIL- 


- >W w. 


1 •* 


• -f— r-H • 


►*<4- 1C 


o 


o~ • 


UJ 


w 


|LL — - «f\J 


'LL II 


U4UHK 


4- CNJ- - 


CM LUCNJUJ 


JliU 




*-4 w w 


— cx — 


CVICX 


1 -z: ►ovo 


• UU 


r— ► 


iu- cD<r«i 


- • II <x 


1 J ► • ► 


»”4_ J{— 


a> 


— LL OO 


—00-0 


• UJ 


|— MOIMILI^H 


LL. 


rx^-atCHo 


\Lr> >- uju^cc.- u>- — 






UU *-f-4r-l 


UUw-l wHr-U. 


II! — »^J ►LL <1 


► II 


. h-i— 


- LL UL LL X X - 


CO*-hQ 


<i 


<- t • 


<1 «UJ •U_U) 


1 w r--J- 


►DC 


- I'- 


••toi— o — 


>L0 w*_«<C 


►4-11 ► II V) 




M 


•“H || C\K\| — 


— iCsJOCOsi 


►z 


PJU ►LL LL || < 




ll X nc 


-J^X< 1 - 


z- o 


- - Oor 


Qaa' 


o 


w^- »4 »-H w 


rH<iH 


• < 


\lz<t ► lu ii >• 


CXOUJ 


JQOli UJQ II CJ|— II UJ II m-’UJ 


h— LULU 


U- 


- K LLLL-O 


- LL LL II CX 


4 - »— » •- ejujcni— 


LU»-t|— 


LU_UWH CUajM-i(JJ_jw-lCJJh- 3L_JQL4 


1 — K 


2L 


M •- 


►CO ► 




• ujr- ii zz-jh 


H- LU<1 


XLLUJUJH-_JH'ZlUJir^<l JJZ 


— <1<<1 


QL 


•• >• - ZD 


«» w UJ w 


<1 


vau-XM<_ju 


UJ «L jt 


to X-J^K'<t»-i>zj>-iQccxaLU-^) 


- 4~ 3: -c 


u: 


—!•-» II II II 1— II Uh 


- LU ►♦— ^.CXUJ< 


2. »“ 


k- a 




-J ujwh z: 


a _j<x<l 


K 


LL 


M 




uj|— - ua<ua 




QC<1^: ZCQCCJL 






UJIJULUUJ 


Z 


MU'HN 


►-I n ) IX >T r- LU 


Z<x II ZOLUUO<1 




UJ LLI ^ LJ UJ L J Cl UJ U 1 


lju <j <iz:to 


4-LJCOl/) — 


-WH 


qc rococo or. cluj a>a 


D^UUJ^J 


LJ 


LU<UJ 


dX< CULLQ. _J UJ h— CX CO _XjC 2. *—* LJ 


<T w w w w 


• 


ILIQw w ZUjw CL* 


CX - 


w-fw i-i_|w OLL- 


CO — 


- CPw - - 


<T— <t — 


- ULK - — J 


JC W w wtn w-wJ-7' w HH 


K wQ ►O ►'■'{/) •* w CJ •* 


-J ► 


to w ► w w<_) w 5 w 


• - — J ►Of o 


H-mmmujcxj- 


<n mm^:<xrnct:m 


CNJ- 


^co.aiLLinuj.i 


OJ 


-JLUCn 


LL^CNiLunioro 


soi-motoc 'OOZ 



<hK!-Dh- | 

V) ► ► w I 

- - - • I 

0 4-4- 4-0-4- | 



4- 4-0 4- 

► »• ^ w 



► 4 - 4 - ► t 04 - ►— 4 - ►{ — ► ► w I ►LO ► 

• • • w w w w w w » • 

4-04- 4- 4- 4-4- 



LU 

<X 



I- 4 - 1 - 4 - h- 4 - 

<l<K< < y.< 

aaaixau. 

uuuuuu 

LL X UL LL LL LL 



I 



JU- U.aLOLUC.lXQLQCLX. 0 . L* 
It^LJLJLULJLJ LULU LULL IX 

(U-LLULLLULll LL U_ LL LL LL 



I 



I<L<1<1<1<1<1<<1 

WLi. 2 Li.iiZi 

Uxulllolululllcjc 

ILJLJLJLULULJLJLJ 

|LLLLU_LLLLLLLLLL 



<1 <X <*. <1 <1 <. <1 <. <1 <1 <J. <L <t <1 < <3 <1<L < <1 
ZiZZ 2 LZZZii.iiii.i^iiZi 
— ' LL LL LL UL IX LL QC LL LI (X CL CL CL LL CL UL Of. (X LL UL 
• LU^JLXLJIXLJ 0 LULJLJLULJLJLJ<XLJLULJLJLJ 
IL^LLLLLLLLLLU-U-LLLLU-U-U-LLLLU.U.U-LLLL 



QOCJUUU 
S| U>^jr— UUU' 

uunminimn 



uuuuguuguuu 
lu f-M t\i u ) >r u ^ >u r- uu u»o 
NU o >u o o o nU vL> sur» 



guuguuuu 

^-*i\M'isra^\L>r^uu 

r^r-r-r^r-r-r-r- 



UOUWQ r JOUUUUOOUQUL-OOU 

p- cu cu cu co cu uj a> a> uu co cn cn cn O' tn y> un qn tn 



99 



OUOOOOOOOOOaOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOQ 

yu o ^ ^ ia su p* ou tn o ^ n wr 'o r* co o o i 'T u su i'* oo o 'H i w ^ vo a) o ^ 1 ^ t m vt 

mnim'rM’>T'T<'>r'r'TM’>rinu^^tnu\ir\uAu\in^>osUsugjsosusUsusOsur“r'-r*'r-r-'r--i > -f > -r“r-ujcucoa>co 

mc*ioimoHMO^rnmoimniom>mnimo)rnc*ioirocumc<)mmmrnmo>mmoic^oicncn(MrriCMrn<Mmcnrticnrn 

<<<<<<<<<<<<<<<<<<<<<<<<I <T<I<1<K<I <<<<<<<<<<<<<I<<<I<< 



QpaOC l OOOQOQODUODOUUUUUOUUQl»UOUOOOauOCUQOOQDUOUOO 



1 

1 

1 

1 




•* 

1 

1 


1 

1 

1 








1 

1 

1 

1 




• 

•» 


•» 


1 

I 

1 

1 




1 

1 




1 

1 


1 

1 








1 

1 




sr 

• 


O) 

• 


1 

1 




1 




1 


1 








1 




r- 


SO 


I 




1 

1 




1 

1 


1 

1 








1 

1 




X 

•* 


LU 

•* 


1 

1 




1 




1 


1 








1 






• 


1 




1 


— 


1 


1 








• 




ii 


II 


1 




1 


• *— k 


1 


• 




— 




•» 


— > 




X 


— | 


p— 


1 




1 


•» 








CM 


m 




o 


» 1 


KM— 


1 


CM* — 


1 


rg 


— 


— • 


— * 


SO 


— • 




1— 


— j 


r-w 


1 


h- H'l 


1 


sO 


• 


X 


«• 


t- 


IX 


— LJ 


1— * 


IM | 


jLULU 


1 


IX |h~ 


1 


P~ 




1 


— 




1 


- LJ 


— cr 


1— 1 


h-'oo 


1 


^ M- 


1 


•* 


• •— 


h- 


IU 


• 


•— 


1 


m 


IX | 


1 X 


1 


H 


1 


m 


— X 


X 


1 


4 


LX 


MJ 


— LU 


1 


I* 1— 


m 


- pr — 


1 


4 


i 


1 


2. 


- 


1 


fo 


or cu 


or — — * 


| -X 


•* 


* IX- 


1 


m 


H a. 


iX 


OJ 


•* 


cr 




ID 


X- • CM 


r-w 


<M 


1^ 1 — * 


1 


•» 


“—•LI — X 


X 


— 1 




X 


r- 


VK 


V — — sU 


i • 


sU 


• |2l'M 


1 


''■S. 


CM^nO'V 


X 


X 


•* 


'■v 


i 


-J 


oc r-K 


NJ- 


h- 


W |CJJ|~ 


m 


•» 


•u ta. 


— J 


_J 




_J 


i 


r— 


LU — 


K-» - 


•* 


—* M*x 


— *— • * 


— »• 


U'ajtraj 


1— 


4- 


CO 


h- 


— i 


au— 


CL) w ’ w*. 


MJnT 


m 


UJ 


* * LU 


• co 


u »U 1 


aj 


GU 


1— 


OJ 


V 1 


^-i— 


— ' 4 


1 - • 


4 


•* 1 


— — <i 


u: 




W 






w 


1 1 


LU 


w • • 


P* 00 


- 


- f* - 


<<K 


KD 


• — 






UJ 




1- 


m w* 




III X 




II 1 •* ► 


Mhl * 


M 


II - »l - 


* 


«P 


»— « 


— * — » 


» * 




-ro— 


1 ^ 


• 


KMro 


one/)* 


1- 


< *13 * 


•* 




'-u 


cm -rg 


KM— 


(M- 


CM « ( M • •« 


4— • 


CO 


— 1 • • 


era 4 


K 


zm\jh- cn 


<r 




•m • 


hoz 


• •> 


• sO 


- Q II 


< 


LJ |0'0— 


M 


• 2 I 


• 


• 


•X 


O' •O' 




u>m 


U'LUe-LU< 


\u> 


LU 


— CJ |LUr-l» 


#• 


IU 


IX\ 'O 


r- 


r-sOLu 


u_r-LL 


1 


u. • 


LU •'LU *UJ 


- -'I— 


cr. 


—«w 4 *UL 


1 

• 

/ 


IW 


LU LU 


LU 


LU LULU 


*fU * 


1* * 


*r- 


•'•CL 


IS) >-H- 


< 


• 

• 

• 

f 




M 


♦> •* 


<K 




*UJ 


m *>— 


14 •* 


- X 


• II • II < 






O-JN II - 


KMCM- 


4<i 


• • 


• 


• 1 


• w 


II - II 


»• <r 


ii * 


ii uj ii a. 


CJ-JUJUJ 


or 


-HU- O II 


| • • < 


- O 


- II • II 


II 


H 


II 


II CJ 4 • 


wm 


<u</’L ucr 




UJ 


LULU<<C? 


r-r-H- 


•* 


•> »• 


— • *^>1— • 


cc 


— >!-• 


- 'Xh- 


ii 


LU^-Jh UJ 


h-XUJ<! 


o 


•‘XhOtU 


|LUX< 


XUJ 


O O 


o>-o< 


LU 


UJ f- Z)X *LL 


X 


CU<-JUjO 


<co>tr 




- CO<A_JQL 


i * -a 


»+— 


— H H 


Hh*HUJ 


• X 


<T 


m • +> 


H* 


<LC3L IU2lZ 


—j 


< 


II O 


K • 


- < 


• • • 




• XOO) 


oguj>xtoco* 


O 


<x<< 


Ucr or zz 


X 


cr or <l 


1 ii n cr 


(/>»—• 


a CM (NJ>N>f\J 


zz 




Z jC II 


IV z 


H-UJCO*-iX 


OUJLUO 


o 


ixicocjixi 4 LULU 


JO 


LU*— I •— JJ- , 






< 


• HhODOD 


CGLU 


« 1 LJO 


JQ.KJ 


X 


tx _ja cr- 


t— wto 


<1X1 












U_l 


2TOX X 


< <x 


IU 


W<< > VLU<^ 


•~«2l 


< *4- *H/) 




^LUh-f- 


• • or _J*-MC/>LL 




ID LJ — 1 LU 


0-1 JE 




cr-JLu> - 


_JQ1 LU 


ucr 


JC» H-l» LJ 


- 


■ 4-hCJ 


UJLUCJ^-r UJ 


UJ 


LU _J 


<1—00 


!- 


lu<k 2v;i-luo 


LULU 


1 — ii oo ii o »» a ii wkrh- 


031— ^or.LUK-co 


ere a 


or cc •ujh* 


XV--JLO 


< 


f-h-CUJWUJ 


t-h- 


_l *-« 21 c M C/) i' 1 ^ >T LU <L < 


jcuuro 


LU^J 


UJ X)LJX < 


LJLJ<< 


LU 


<cj— i — i*— »cr lj<CJ 


<2 


< cr lu cr »-• cr o a. a a: uj 


H- JCW^ i-JUJh- 


a i— 


CUK^COLU 




X 




> O 


x.»-» 


C/) LJ > 


W 


LOOLX^ 


ox 




X 


X 



- iu<a <r^>ccuj- 

► _j ►OJEcrcnuj^j - 
cm <mooo<-uJ-jQr- 
<d oovo*- 1 — *Q-ct:»— 

I- hX-JliJaQDH 

•* »*0 -O OOOQUCU •» 

• • — m m, 

4 tvo — ■ 



| *•»>»> •» 

cm- cncMtncMincMtncMtntncM | cm^cm (M 

O IOnQOOOvOOsQOOnO I sOO'O o 

* - I*********** I 



<M 

SO 



CM 

nO 



eg 

SO 



eg 

sO 



04 P+ + 4-4* -4 104 4040 

• • !*•••••»•••• pt v w w « « w 



404 0400 



I I 

< <<<<<<<<<— << K*<<l<l<i<l< < l-<<1< I<X<<<1<<1 < — << 

aL^2Lii.3Li2.2.i.^Wi2. i.51 

LL — OC* QL QL UG QL CX. £X (JL OC, <4. CX. iX |d- CL UL U_ tX OL UL LU <X U. U. |UL IX <X OC ULOL LU — LU LL 
W ILJLJLJLJLJLJLJLJLJM-LJLJ |UUUUUUUUUUU MUUUUUU-tUU 
X (Li. X X X X X U. X X LULL |LUX X X XX X X X U- X fXXXXXXX*-«XX* 

i-H fH H •— 1 iH « 

o oooouuaoo WO WOO WO wo WO ow WOOWWOO wo 
cr* 0— 1 nMmsruivor- uj ir>o wr-Luu'O*-* t\j('w - u^'ur«aj U'o 

o> OOOOOOOOO o«~i rH i-i «-i i \jrg cmcmcmimcmcmcm tMen 



<«« <<<< 

CX. QC LX CULL- CX1XULQL 
UUuU 1UUUU 
'•LL LULU LULU |LLU-XX 
■* 1-1 
woooo oowo 

•—< CM ( ' 1 ST u < su n- UJ U' 

uuMcnmni 



100 



OOOOOOOOQOOOO 

u>vui^wu>Q^(\jr^in^ui^ 

CJUOOajauCOU'U'LPU'O^U'U'U' 

<nmmoimmmmmmmmm 

c<i<r<i<i<3<i<.<<i<i<i<t 




aooouuououoou 



— (X 



VC JL 










«— • 






Si 


— — ‘I s - 






s:cd 


<r^r e 




— * 


aj«j 


• ©O' 


• «*•» ■— «* • 




r-r~u- 






w 


LLtL •* 


< 


H-*~LL 


• 


► 




lU-UL.'—’ 


• <r~ 


• • II 


£/) 


Jww 


►UL 


II II — * 


LL 


I 


CO • 


CL LJ-~— * 


|M «• •* 


9 Q 


O -2* 




1 ► *^>3“ 


P^.-4 


t— cx H-i 


H 


M*<r • 


HUJ 


~ljcj;z 


1 ► 


1 • ©CO 


LU •* 


H<KZ 


KM 


|00 CO Li- 


*>«• 


* ll lj <r 


1 t 


la a - 


• «• 


O no. 


r~ 


I ► 




ILL. 


I- • H 


LJC4U-LJ ix. 


| ► + II II I— 


MUJ 


►*-«*iLJ 


H* - 


UJ 



Z3CO- H-l-JI- |H^ l~_J 
jz iioho + o* mi- 
oiil zoa.<i </><i - >iojjd 
UJ ^UJCX-^CL^<1LU--J^1LJ 

h-O 

<is:u)<rz'CLi'coa:3^ ex 
:x ^ a ;s u xljlull t— h-cau 
h-^~JK-ejLu»-«a:oo<l u->h- 

-JCXIJ-J l h- <1 

<ll-J^<ltUUJO^>UJlij c ^ 

Vi 12 > l/? OD CD h* l S) O CL h- J» < 
UJ 3 _JOC UJ^: i <r L'j 

rx KHU-ftaa't/mn/) 

a~cjH-r-</) 





*» 


M ► ► 


CM 


l n 


mm 


O 


O 


oo 


1 — 


h 


Kl~ 




o o 


oooo 



<<i<K<t<.<X>4.<l<i.<l<l<ll 

lXQC-ULliQCUe-QCUL£X<X(XCXCX 
LJ 1 J UJ LJ LJ LJ U J t-J LJ LJ 1 J L ) LJ 
U- LL U. U- UL U_ LL LL LL UL LL LL LL 



UUOUOUUUUUOUU 

O r-i rvj i ' i u > vu « aj u ' •— • t \J 

<r^>T>r-'rvr'T<r>T'J~i nu ' Ln 



PROPERTIES CF FRCPANE >>>>>>>>>>>>>>>>>> J>>> > 



o 



oooog?ooooooooooooooc>ooooooooooooooooooooooo 
rvj m <r in nu r- ct> o' *-• r^i n » <r tn r^- rvj m >r in no r- ^ rvj o > sr >o cm m in vu ^ ru n ) <r u > ^ r^- 



I 



PI 


pi 


•ft- 


-ft- 


•* 


•fr 


X 


X 


•ft- 


* 


in 


r*- 



0 o 

1 I 



V 
v 
v 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 
o> 





u 












<r 












>r 












CM 












cr 












o 












l\J 












r- 












UJ 












m 












• 












• 












u\ 












ro 












+ 












1 












CM 












CM 












-ft- 












■ft- 












* 




CM 




CM 




-ft- 












U. 




-ft- 




-ft- 




X 












IT 




■* 




■W 




-ft- 












l\J 




X 




X 




<r 












o 




■ft- 




■K- 




o 












1 




PI 




>T 




i 












UJ 




O 




o 




UJ 












'0 




1 




1 




CD 








■t 




in 




UJ 




ui 




CM 








-ft- 




-r 




m 




o 




cp 








* 




O' 




tar 




m 




in 








— 




pi 




UJ 




UJ 




u> 








— 




• 




NT 




in 




• 








X 




r-H 




O 




CO 




r-l 








— 




1 




• 




• 




+ 




Q 




UJ 




a 








in 




a 




* 




o 




-ft- 




| 




1 




* 




P> 




X 




o 


a 


CL 




X 




(M 




O 




(X 




o 


M 


* 


cc 


■ft- 




O 




1 




1 




ai 


3 


i-4 


Q 


cH 




1 




Of 




— 




— r 


(-/ 


— o 


a 


— o 




— ‘UJ 




— CM 




— X 






HH 


1 


•a 


<* 1 




4&r~4 




*»cn 




<*— 




•O' 


— J 


-UJ 


-> 


-uj 




HO 




-pi 




-X 




tVICO 




l*MMJ 




rvicM 




rMrM 




rvj {jy 




rsILJ 




1 O 


O 


I <r 


a 


1 p* 




1 CM 




1 r- 




1 x 




o • 


UJ 


O u ' 


UI 


aa' 




o-« 




a • 




OCX 




-CM 


•— 


•o 


H- 


-CM 




— « 




— uu 




— ■ — 




X + 


<3 


Xni 


<1 


xao 




X'U 




X ♦ 




X-ft- 




1 ^ 


cr 


1 • 


ex 


1 • 




1 1 




1 cm 




— 1 o 




-<o 




<3 X> 


z> 


<3 cm 




— < 31 — 1 




-^<o 




a< 3 .—i 




Q_wUJ^* 


h- 


— + 


h* 


— + 




a— o 




a w | 




— w | 




— 00 CM -ft- 


< 


— I 


< 


— 00 CM 




— COLLI 




wOOLU 




00 UJ 




* 'O* 


oo 


CL *0 


CO 


a -*0 




*r- 




* m 




I-* -i 




HJHa 




— -JUJ 




— - 4 UI 




U ICM 




O-JCP 




LL_i 0 O 


CL 


<L<KM*fr 


Ui 


<3 m 


LU 


<J vO 




i_j<icn 




LJ<lCO 


Z 


X<XP) 


i. 


ujaicMt^- 


X 


LLLUf-H 


X 


OLLIsD 


>• 


XUJsT 




XUJH 


u 


JUJ^ 


cu 


t— ex 


I'- 


XQCIM 


I— 


xncvu 


t- 


cxq:^ 


>• 


X(^»M 


!— • 


toe* • 


H- 


vO l 








lp 


M 


• 


H- 


• 


00 


in 




-£»“ 1 UJ 


LL. 




X 


zt-'U 


c /> 




HI 


<Lt— sr 


<1 


ZH 


z: 


UM r-l 


u 


LJt -4 • 


a 


C Jhh « 


Z 


Om 


CO 


0>-4 


UJ 


o*-» II 


X» 


*-»o ii mz 




moooz 




•^UCMZ 


UJ 


*~*uj ii z: 


z: 


mO II 2 


h- 


hO Z 


*~4 


| — • Oii 


> 


h- 1-4 UL 


> 


hn a. 


o 


h-M X 


UJ 


h-H-i x 




hHha 


»— 




LL 


LJ_J II _J 


X 


LJ-J II _J 




UJILO 


LJ 


O-JCO— ) 


LJJ 


O-JU ) 


<A 


^LL^OI— L- 


) _J 


^LX 1 — L 




ZU »- LJLJ 


ZLLUh-U 


ZUUh- LJLJ 


zaa.ru 


UL 


•J JLt/l • 


— > Jt U-LUZ-'J. 




oxxujxa 


J 2 .XUJXM 


uxjatz 


-J 


Ll_K~»r— *~«LX_LUX 


ILMXU.UJX 


XHXIIXJ 


xmoixujlj 


liwaaiux 


XMuiaai 


|— 


r — 4 


K- 




r~ 




CJ> 




X 




X 




■M. 








-Z 




1—4 




* 4 . 




-J 




V) 




UJ 




UJ 








-> 




Vj 




uo 


uu 


UJLJ 


uu 


uu 


Uu 



10 2 



UOOOOOOQOOUUQUOOOOQQQOOOOUOOOOOQOOQOOOOOOOO 

»-i c\j (M >r in nu r-i c\j > <r u a so ol) c\j n » ^ u ^ vu r^* rvj o > vr in su i-h c\j n ><r m vu tx 1 sj* u a su 









m 
























•ft 
























* 
























h- 
























■ft 
























sU 
























O 

1 
























1 

LU 
























m 
























u» 




SU 




















in 




0 




















00 




1 




















— ♦ 




UJ 




















• 




• 




















»— 1 




H 




















1 




ft 




















CM 




*— ■ 








CM 












•ft 




CM 








•ft 








(M 




•ft 




-ft 








* 








-ft 




h- 




•ft 








K 




fM 




-ft 




•ft 




t- 








■ft 




-ft 




r— 




sr 




■K 








'U 




-ft* 




-ft 




O 




U\ 








LJ 




K- 




sU 




1 




W 








| 




-ft 




O 




LU 




1 








X 




>u 




1 




O 




X 








LT 




0 




Ul 




r- 




sO 








f-H 




1 




U' 




CM 




NT 








00 




UJ 




CM 




O 




n 








in 




O' 




U' 




sU 




fM 








00 




00 




<JU 




• 




0 








• 




in 








CM 




• 








•— * 




0 




• 




4* 




CM 








4* 




• 




INI 




h~ 




+ 








K 




H 




+ 




■ft 




h- 








* 




+ 




k- 




<M 




■ft 








n 




1 — 




* 




O 




CM 








0 




* 




<r 




1 




O 




ft- 




1 




M" 




O 




\u 




| 




W 




UJ 




O 




> 1 




— Ps J 








— 1 ‘X 




-^r\j 




— 1 




*»U) 




**0 












rH 




^)UJ 




•*4J 




t^vU 




►nT 




•4- 




►OO 




►r- 


LJ 


rvJOO 




NO 




ivjr- 




rsl’V. 




»Nir- 




rsjvU 


*-* 


1 r- 




t • 




1 0 


u> 


1 — 




1 -« 




I tr 


ZD 


C?r- 




OO 




OCM 




OK 


>- 


CO • 




OCM 


LP 


•‘U' 




► 1 




•* • 


<1 




X 




>• 


•* • 


M 


X • 




X »"H 




^XH 


X 


XX 


LJ 


X 4* 


X 


X C\J 


— i 


1 sU 




— | %Z9 




ft- 1 4- 


c» 


1 LJ 


X 


1 H 


LJ 


1 1 




C 4* 




K-<UJ 




w<lcM 


X 


«-%<XLO 


h- 




X 


— * <1*-* 


LU 






W^sO 




WfO 


X 


K^*-h 


Z 


K ^ | 


K- 


K-wO 


X 


h-000 


> 


00 sO 




>00 fC) 




W00> 


UJ 


wOL'UJ 


2 


' 00 1 


K 


1 


K 


X-ft GO 




00 * 00 


X 


■ft -ft 




* in 


a< 


* UJ 




— JUU 


M 


O-JQO 




o-Jr- 


0 


U 


O 


u — icn 




o_i r- 


X 


X<ICM 


l/) 


l/}<tO 


>■ 


1/1 <3. • 




i<lK 


*-H 


K-<i'^r 


X 


K-<J.sD 


IJ 


au;Q 


IO 


t-HLU • 


K* 


MlUvT 


X 


XX w 


_> 


ZtJCO 


u 


z:uj <r 




OqC'M 


CO 


J>GC — 1 


1 — » 


>(Xw 


UJ 


xor.x 


LJ 


ilia: cm 


X 


ujq:o 


>- 




1/1 


w 


to 




m 


X 


M 


• 


<1 


• 


r- 


^h- • 


•— « 


-ch- ui 


LJ 


^ ft“ II 


JL. 


xk-lj 


X 


-£K-CM 


j> 


-£1K-'U 


»— « 


LJH-»in 


> 


LJHh u 0 


LJ 




=0 


Oh-i 




OH 




OH 


O 


HO 2* 




»-*o | Z 


to 


^0>2T 


z 


H-O II Z 


0 


HU II Z 


0 


HU II Z 


< 


* — • |j LU 


l/> 


KmU-ujct 


*— 1 


ft-N-itOQC 




| — »— « X 


XI 


K-hh cl 


X 


K-H-I rx 


X 


LJ-I -J 


m 


U^iU • —> 


-> 


LJ— M-J_> 


— J 


u-iu-j 


K 


u-ju. -J 


K- 


U-JUU 


<X 


X. X LU ►— LJ LJ 


4U-l/)Hh*U 


X-Xl/Jl— Ulft- 


xx lj <± 


zai-ri 




4 CCLLr-»|— LJ 


LJ 


-JJLXUJ 


-J 2L»-«'»C LU^U. 




^JLflUJ^UL 


Ji4Uj/:Lr 


J1/.W4 






LL- ^ U_ U J CJ 


U_ *— « J> Lt . LU 


U_ 1 U_ U_ LU _J 


ILMLUU-UJU 


UU. »— ♦ U . » X X 


h* 




Lfi 


iH 


X 




VL 




1 — 




r— 




<1 




*— 1 








X 




<1 




M 




LU 




— 1 








X 




vi 




VI 




X 
























uu 


LJLJ 


LJLJ 


LJLJ 


LJLJ 


uu 



103 



OOQOOOO 

corner in ^ur- 



LJ 




HH 








O 




K-J 




-J 








CM 


•» 


X 


•Nlf- 


K 


1 *8* 




cr.*m 


LL 




LJ 


X 1 




1 LU 


> 


<rm 


t— 




M 


h- 00 


> 


• 


»— « 


-J | 


t- 


LL <3. U> 


o 


^cium 






LJ 


*u 




.*.1-0 


a 


LJhh • 


o 


»-«o 2 : 




»— II IX 


— i 


o_j _J 


<i 


^.LLLLt— LJ 


JL 


^iXUU^L 


CL 


UT.ULI 



uu 



uu 



104 



PAPEETE* C/SRC 

E- 071 . £ 001 . E-G 54 . E CC 1.8 E C 3 0 C 1 £ 0 C 1 2000 2 



uj u f 



OJCJJ 

CXCX 

JJ 


in 


Kh 


e 


OO 


Ul 


oo 


CM 


QU 





u \ 



cnin «-i ro 

a • sU 

vO 

oo 

uo 



LJUJ 





• 


00 

«a. 

cx 




o 


UJ 


U' 


<r 


V 


a « 




VI 


CVHVJ 




O 


OO 

OO 







CM 



QQ 





• 










in 






CM 




r- 




v/> 




on 






i/> 




cr • 






<1 




•nj 






(X 




Uh 






OJ 




OO 






\ 


CM 




co 




VI 




oo 


CM 




o 






O 










t 




-J 










UJ 










Hi 




r 






K- 


fH 


.-un 






oou 




• • 






o 




»-«m 










o*-» 


00 




viQ 




OO 


h-iCM 




ULIOO 






SLZO 




_J*~ * • 




oo 


UJ I • 




ZOO 


H 




oo 




wO 






CO O' 




<-H 


o 


(X 


u»o 




f~ o 


cx 


c J 


CXO 




u;o 


<1 


r— 


tJL 






o 


o 


UJ 




o 




U’ • • 


lu-s: 




u 




>mcM 


jl-h 




HO 


o 


ooo 


►-cun 




ST • 


M 


X.OOO 


O • 




vUO 


f— 




ac ir. 






IX 


-JUUU 


ua 


• 


UJ r » 


O 


■VI 


uu 


o 


1VJ »* 1 




*— • 




o 


rH o | 


*— CM 


>- 


<x 


WU'UJIM CM 


v/; 




h~ 


U\WNU^ t'l 






<1 »'l 


►«* 


H-t u> 


LJ<1 


• I'ICULJCM •<'> 


U- 


o • • 


3 Linuumna:uuncu 




«*■ (')sUrH 


*■ x •n>aoujaji^»-» • 


-P- 



O 




o 




UJ 


O 




CX 




<C 




O 


(_J 

OCO 


Z. 


«J. • 


UJM- 


oo 


H-# 


-r 


1- 


UIU 


CL 


o 1 

-C.UJ 


OJ 


Vi 


UJ 


cx 




UJ 


UJ 




LJ 


u; 


ULf 


1— 


i/; 


• 




■JV H 


-a- 



105 



LIST OF FEFE BENCES 



1. Naval Ship Research and Development Center Report 4195, 

Proceedings of Workshop on Navy Alternate Energy 
Sources Research and Development , by J.R. Eel t and 
H.V. Nutt (eds), January 1974. 

2. Weyl, E.K., Cceano gr apy , John Wiley ard Sons, 1970. 

3. Myers, J.J., Holm, C.H. and McAllister, R.F. (eds), 
Handbcck of Ocean and Underwater Engineering, 
McGrew-Eill, 1969. 

4 . Second Ocean T hr e mal Energy Conversion Wo rk shop, 26 -2 8 
September^ J.974, University of Miami, 1974. 

5. Solar Sea Power Plant Conference and Wo rksh op , 27;2 8 

June x JJ73, Car r.egie-Mel Ion University, 1973. 

6 • Proceedings* Third Workshop on Ocean Thermal Energy 
Conversion JCTEC1 X 8-10 May*. _1 975, The Johns Hopkins 
University, Applied Physics Laboratory, August 1575. 

7. Eeveridce, G.S.G. and Schechter, R.S., Optimization.: 

Theory and Practice, McGraw-Hill , 1970. 

8. Starcze^ski, J., " Generalized Design of Evaporators: 

Heat Transfer to Nucleate Eoiling Liguids", Eritsh 
Che nic a 1 fngineering, v. 10, p. 523-531, August 1965. 

9. Naval Postgraduate School, Report NPS-59Nn75062A, 
Th ernce cone mi c Analysis of Vapor Power Sy st ems , by Cdr 
F.L. Sheppard, Jr, USN, and Others, 30 June 1975. 

10. Wisaer, E.A., Optimization Methods for Large-Scale 
Sy steps , McGraw-Hill, 1971. 



106 



11. Palen, J.W. and Small, W.M., " A New Way tc Easign 

Kettle and Internal Beboilers", Hydrocarbon 

flSSiSsing, v. 43, p. 199-208, November 1964. 

12. Collier, O.G., Con ve ctive Eoiling ana Condensation, 
McGraw-Hill, 1972. 

13. Ealen, J.W., Yarden, A. and labcrek, J., " 

Characteristics of Eoiling Outside Large-Scale 
Horizontal Multitube Bundles", AIChE Symposium Series^ 
Heat Transfer - Tulsa, v. 68, p. 50-61, 1572. 

14. Kays, k.M. and London, A.L., Compact Heat Exchangers, 
McGraw-Eill, 1964. 

15. Holman, J.P., Heat Transfer, 3rd ed., McGraw-Hill, 
197 2 . 



16. Mostinski, L.I., " The law of Corresponding States 
Applied to Calculation of Heat Transfer and Burnouts in 
Liguid foiling", T ep loenerqetika, v. 10, p. 12, 1963, 
abstract in English in Erit. Chem. Eng., v.3, p.580, 
1963 . 



17. Kohsencw, W.M. and Hartnett, J.P. (eds) , Handbook of 
Heat transfer, McGraw-Hill, 1973. 



18. Chen, E.M., " Analytical Film Condensation: Fart 2 - 

Single and Multiple Horizontal Tubes", Journal of Heat 
Jr ansf e r_, Trars^ AS ME , v. 83, p. 55, 1961. 



19. Eaumeister, T. and larks, L.S. (eds) , Standard 
Handbook for M ec hanical Engineers, 7th ed., 
McGiav-Eill, 1967. 

20. Guthrie, K.M., " Capital Cost Estimating", Chemical 

Engineering, v. 76, p. 114-142, 24 March 1969. 



21 . 



Guthrie, K.R., " Pump and Valve Costs", Chemical 

Engineering, v. 78, p. 151-159, 11 October 1971. 



107 



A Guide 



22. Research Analsis Corporation Report EAC-P-63, 

to S0K1 - Version 4 The Computer Propram fifing 

the Sep ue n tia 1 Unc on strained Minimization Technip ue for 
Nonlinear Programming , by W.C. Mylander, R.L. Holmes, 
and G.E. McCormick, October 1971. 

23. Fiacco, A.V. and McCormick, G.E., Nonliear 

iiogiama ingg Sequ en tial Unconstrained Minimizati on 
Tec hr ip ues , John Wiley and Sens, 1968. 

24. Duffin, R.J., Peterson, E.I. and Zener, C., Geometric 
1109155 minpp Theory and Applica ti on, John Wiley and 
Sens, 1567. 

25. Car negie-Kellcn University, Technical Report 

NSF/FANIi/SE/GI-391 14/PR/73/1 , First Quarterly Prepress 
Report Covering the Period June J x J S 7 3 to October 
-_J.iJfJ3, by C. Zener, A. Lavi and C.C. Wu, October 

11, 1573. 

26. University of Massachusetts (Amherst), Technical Beport 

NSF/SANN/ SE/G 1-3 497 9/TR/ 7 5/5, Design and Of f- tesipn 

2 fl f or mance Analysis of Ocean Thermal Difference Power 
Plant Turbines, by R.J. Veenema and 1.1. Arabs, May 
1975 . 

27. Bartlett, R.I., Steam Turbine Performance and 
Fccncmj.es, McGraw-Hill, 1958. 



108 



INITIAL DISTRIBUTION LIST 



1. Defense Documentation Center 
Cameron Station 

Alexandria, VA 22314 12 

2 . Library 

Naval Postgraduate School 

Monterey, CA 93940 2 

3. Chairman, Department of Mechanical Engineering 
Naval Postgraduate School 

Monterey, CA 93940 1 

4. Chairman, Department of Operations Research 
Naval Postgraduate School 

Monterey, CA 93940 1 

5. Dr. R. H. Nunn 

Office of Naval Research 
Branch Office, London 
P. 0. Box 39 

FPO New York 09510 1 

6. Associate Professor M. D. Kelleher 
Department of Mechanical Engineering 
Naval Postgraduate School 

Monterey, CA 93940 5 

7. LCDR J. R. Buckingham 
USS AJAX AR-6 

FPO San Francisco, CA 96602 1 

8. Associate Professor W. M. Raike 
Department of Operations Research 
Naval Postgraduate School 

Monterey, CA 93940 5 

9. Commander F. L. Sheppard, Jr. 

Mare Island Naval Shipyard 

Vallejo, CA 94592 1 

10. Dr. William E. Heronemus 
University of Massachusetts 
Department of Civil Engineering 

Amherst, MA 01002 1 

11. Dr. Jon G. McGowan 

Department of Mechanical Engineering 
University of Massachusetts 

Amherst, MA 01002 1 



109 



12 . 



Professor E. C. Haderlie 
Department of Oceanography 
Naval Postgraduate School 
Monterey, CA 93940 

13. Dr. Clarence Zener 
University Professor 
Camegie-Mellon University 
Schenley Park 
Pittsburgh, PA 15213 

14. Dr. John Fetkovich 
Department of Physics 
Carnegie-Mellon University 
Schenley Park 
Pittsburgh, PA 15213 

15. Energy Program Office, Code L80 

Attn: Mr. M. J. Slaminski 

Civil Engineering Laboratory 
Naval Construction Battalion Center 
Port Hueneme, CA 73043 

* 

16. Dr. G. W. Leonard, Head 
Propulsion Development Department 
Code 45 

Naval Weapons Center 
China Lake, CA 93555 

17. Dr. Arthur L. Austin 
Project Leader 

Geothermal Development Program 
Lawrence Livermore Laboratory 
P.0. Box 808 
Livermore, CA 94551 

18. Dr. Robert Cohen, Program Manager 
Ocean Thermal Differences Projects 

Advanced Energy Research and Technology Division 
National Science Foundation, Rm. 401 
Washington, D.C. 20550 

19. Dr. Owen M. Griffin 
Code 8441 

Naval Research Laboratory 
Washington, D.C. 20375 

20. Mr. John B. Gregory 
Ocean Technology Program 
Office of Naval Research 
Code 485 

Arlington, VA 22213 



1 

1 

1 

1 

1 

1 

1 

1 

1 



110 



21. Dr. Abraham Lavi 

Department of Electrical Engineering 
Carnegie-Mellon University 
Pittsburgh, PA 15213 



1 



22. Commander Paul A. Petzrich 
(C.E.C.) U.S.N. Director 
U.S. Navy Energy and Natural Resources RSD 
NSRDC, Annapolis Laboratory 
Annapolis, HD 21402 



1 



23. Dr. Earl R. Quandt 

U.S. Naval Ship Research and Development Center 
Annapolis Division 
Bethesda, MD 20034 



1 



24. Dr. H. Tabor 
Scientific Director 

The Scientific Research Foundation 
Dan Danciger Building 
Hebrew University Campus 
P.O.B. 3745 

Jerusalem, ISRAEL 1 

25. Dr. Lloyd Lewis 

Naval Facilities Engineering Command 

Chesapeake Division 

Naval Station, Washington 

Naval Yard Annex 

Ace and M Streets S.E. 

Washington, D.C. 20374 x 

26. Associate Professor J. K. Hartman 
Department of Operations Research 
Naval Postgraduate School 
Monterey, CA 93940 

27. CAPT Vincent M. Skrinak 
Code NAVMAT 03Z 

824 CP6 

Department of the Navy 
2221 Jefferson-Davis Hwy 

Arlington, Virginia 20360 1 



111 



V175158 



DUDLEY KNOX LIBRARY - RESEARCH REPORTS 




5 6853 01071047 8 





